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PREFACE

Opening Remarks From Professor Zhou Guangzhao, Member and President
of CAS ' ' '

Opening Remarks From The Honorable J. Bennett Johnston, United States
Senate o
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CHINESE ACADEMY SCIENCES

It is widely known that, with the implementation of the policy of reform and opening to the
outside, China’s national economy has achieved rapid development. As a basic industry in the
national economy, electric power is a significant criterion in evaluating the nation’s progress.
With its annual growth rate of 15 GW/a, China’s electric power industry has now leaped to
second place in the world in terms of installed capacity.

China is a nation with coal as its main energy source. Therefore, coal-fired power plants will
remain dominant in the long run. Thus, enhancing plant thermal efficiency and reducing polluting
emissions will be crucial measures, contributing not only to the sustained development of the
national economy but also to improvement of the world environment. Ever since the 1992 UN
Conference on Environment and Development in Brazil, the Chinese government, sticking
staunchly to its commitment, has stipulated with ratification, by the State Council, of China’s
Agenda 21, in which strategies for efficient control over air pollution and for the development of
clean coal technology have been formally put forward.

Integrated Gasification Combined Cycle (IGCC), a new technology developed since the 1970's,
has drawn world-wide attention for its high efficiency, lower pollution and low water requirement
characteristics.

In May 1994, the Chinese government established an IGCC demonstration leading group,
consisting of six government agencies: State Science and Technology Commission, State Planning
Commission, State Economic and Trade Commission, the Ministry of Electric Power, the

Ministry of Machinery Industry, and the Ministry of Coal Industry, which soon developed a
collaboration with the Department of Energy of the United States. In order to carry out the

IGCC technology as early as possible, the Chinese Academy of Sciences, together with Tulane
University, USA, made a suggestion to organize concerned specialists from both countries to give
an objective evaluation of the IGCC technology, thus pushing forward the development of the
technology in China. The suggestion received support from PRC SSTC and the US DOE, and has
been listed as a project in the Annex IX of the Sino-US fossil Energy Cooperative Agreement.




Assessing the IGCC technology by the Chinese and American specialists from different
perspectives, this report points out that China is a developing country with limited economic
strength but a very wide market. Asa result, more attention should be paid to assimilating the
imported technology, so as to reduce construction cost of the new IGCC power station by making
efficient use of the existing domestic technology and construction capacity, and at the same time,
providing market information for oversees enterprises who wish to extend the IGCC technology
in China. '

We sincerely hope that the publication of this report will provide a pragmatic analytical basis for
the Chinese and American governments, related enterprises, and all those concerned with
developing the IGCC technology in China.

Professor Zhou hao ‘
Member and President of the Chinese Academy-of Sciences




J. BENNETT JOHNSTON
LOUISIANA

NAnited States Senate

WASHINGTON, DC 20510-1802

November 20, 1996

The United States and the People’s Republic of China share the need for more efficient
and environmentally friendly power production technologies to help meet increasing
energy demands. The Integrated Gasification Combined Cycle (IGCC) technology is a
promising example--it is the cleanest and most efficient means of producing power and

- other products from coal. China’s Agenda 21 plan identified IGCC technology as a
top priority for sustainable development. The U.S. has been developing IGCC
technology for the past twenty years and has become the world leader in advancing
and commercializing the technology. This joint effort between the United States and
China to analyze the advantages and potential for IGCC should serve as a model for
future cooperative efforts to find solutions to our common environmental and energy

. production problems.

It gives me great pleasure, therefore, to introduce the attached report. Because of the
high degree of technical and financial risk associated with the use of new technologies
for production of energy, the research, development and demonstration path to
commercial acceptance of new power production technology is long and arduous. The
demonstrated performance of IGCC in the U.S., and its potential for helping to meet
the future energy needs of China, is exciting and merits the attention and resources
reflected in this joint effort. This report will be critically valuable in the assessment of
IGCC’s potential role in mitigating climate change resulting from CO2 emissions and
will also provide insight into options for the best utilization of China’s vast coal
reserves. Such options might include the production, using IGCC, of chemicals,
automotive, residential and industrial fuels, as well as many .other coal-derived
products. | ‘

The joint effort that produced this report is the result of the growing recognition that
the U.S. and China have common interests and purposes in the broad area of energy
and environmental technology. 1 trust that the project will provide a useful framework
for future cooperative efforts.

United St4tes Senator
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ABSTRACT

A report written by the leading U.S. and Chinese experts in Integrated Gasification Combined
Cycle (IGCC) power plants, intended for high level decision makers, may greatly accelerate the
development of an IGCC demonstration project in the People’s Republic of China (PRC). The
potential market for IGCC systems in China and the competitiveness of IGCC technology with
other clean coal options for China have been analyzed in the report. Such information will be
usefial not only to the Chinese Government but also to U.S. vendors and companies. The goal of
this report is to analyze the energy supply structure of China, China’s energy and environmental
protection demand, and the potential market in China in order to make a justified and reasonable
assessment on feasibility of the transfer of U.S. Clean Coal Technologies to China. The Expert
Report was developed and written by the joint US/PRC IGCC experts and will be presented to
the State Planning Commission (SPC) by the President of the CAS to ensure consideration of the
importance of IGCC for future PRC power production.
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L. EXECUTIVE SUMMARY

Dr. Benjamin C. B. Hsieh
Morgantown Energy Technology Center
U.S. Department of Energy
Morgantown, West Virginia, USA

Professor Wang Yingshi
Institute of Engineering Thermophysics
Chinese Academy of Sciences
Beijing, China

Abstracts

Integrated Coal Gasification Combined Cycle (IGCC) is the most clean, most efficient and most
mature technology among currently available clean coal power generation technologies. It is also
an affordable advanced technology for China. In order to secure the safety and diversity of
energy supply, industrialized nations continually invest personnel and material resources to
develop and improve IGCC technology and cost in order for them to be competitive with the low
natural gas prices and combined-cycle power systems. This competitive advantage of natural gas
with the combined-cycle does not exist in China. IGCC is a unique advanced clean coal
technology, specifically developed for nations with abundant coal which must be utilized with high
efficiency and low pollution characteristics. It is a much more environmentally friendly
technology than any of the other coal-based power generation technologies and contributes to the
reduction of global emissions and improvement of air quality. Construction and operation of a
commercial-sized IGCC demonstration plant in China will provide the know-how and first-hand
information for future broader applications in the 21st century.

Realizing the strategic goals of economic development, reform and opening, China’s 21st Century
Agenda, 9th Five-Years Plan, and energy development, China has established a three commissions
and three ministeries leading group and an IGCC expert group to accelerate the IGCC
demonstration project based on the large available Chinese coal reserves. Pre-feasibility study and
engineering study for the 200 — 400 MW IGCC demonstration power plant have been completed.
The object is to construct an IGCC demonstration power plant mainly by introducing foreign
advanced technology to China in the year 2000.




Introduction

This US — PRC Expert’s Report on Integrated Gasification Combined — Cycle Technology
(IGCC) presents, by means of a series of papers, each of them authored by one or more of the
IGCC experts, the history, presert-day situation, and probable future development of the Chinese
economy and, more particularly, of the Chinese energy and electric power generation industries.

The rapid development of the Chmese economy and the reasons for it, the present situation of the
electric generation mdustry in terms of fuels, efficiency, capaclty, environmental impact, rate of
growth and probable future developments afe examined in detail. Also, the clean coal technology
advances that have been recently made in the US and the advantages to be had by China if these
technologies are included in China’s electric generation industry, as well as the large potential
market for advanced technologies presented by the anticipated rapid expansion of China’s electric
generation industry is discussed.

* This report illustrates that there may now be a confluence between China’s requirements and a
desire in the US to propagate the clean coal technologxes throughout the world. This confluence
of interests and motives between China and the US has all of the elements of a classical “win —
win” situation.

(1)  Coalis China’s Major Energy Resource

Coal constitutes 90 percent of total fossil energy resources in China, where oil and natural gas
resources are relatively small. In order to meet the demands for energy as the national economy
experiences rapid growth, the proportion of coal in primaty enetgy production will remain at or
near its present level of 70 percent for the next 30-50 years. A large part of the balance of about
30 percent is provided by hydropower.

Energy production in China has grown rapidly. Between1949 and 1993, the annual production of
raw coal increased from 32 million tons (Mt) to 1,149.7 Mt; that of crude oil from 120 thousand
tons (Kt) to 145.2 Mt; and natural gas grew from 7 million cubic meters to 16.95 billion cubic
meters. Total production of primary energy reached 1,112.63 million tons of coal equivalent
(Mtce) — ranked the third in the world. The average annual growth rate of overall energy
production is 9.1 percent.




| (2)  Chinese Coal Resources, Production, and Application

Coal resources in China amount to about one trillion tons, of which 30 percent are proven
reserves. Eighty percent of China’s coal lies in the north and northwest. All ranks of coal exist in
China, from lignite at the low end to high-rank anthracite. According to recent statistics, lignite
constitutes 13 percent of the total, subbituminous and bituminous 75 percent, and anthracite 12
percent. | ’ ' '

Coal has been extensively used in every sector of China’s economy. In the power industry sector,
76 percent of the total power output was generated by coal, and this accounted for 30 percent of
the total annual coal production. In the other industry sectors, coal provided about 75 percent of
energy used as fuel and power and this totaled another 33 percent of annual coal production.
Coal was the source of 60 percent of the raw materials for the chemical fertilizer industry sector.
Coal constituted 80 percent of the fuel consumed in the domestic household sector, which
amounted to 20 percent of China’s annual coal production. Another 8 percent of the annual coal
production was used in the metallurgical industry sector, mainly for coking purposes and for
power supply.

3) China’s Electric Power Generation is Based on Coal

Coal is the most plentiful of China’s verified primary energy reserves. It accounts for about 75
percent of the fuel for thermal electric power generation.

The Chinese electricity industry has made great progress since economic reformation and open.

In 1980, the installed capacity was only 65,870 MW, and annual power generation was only
300.6 billion kWh. By year-end 1995, the total installed capacity had risen to 210,000 MW
(162,900 MW thermal) and annual power generation was 1000 billion kWh (780 billion kWh
from coal). New capacity installation will be at the rate of about 16,000 MW per year during the
“ninth 5 years plan” between 1996 and 2000. By the end of the year 2000, the installed capacity
is expected to reach 300,000 MW (227,900 MW thermal) and annual generation is expected to be
1,400 billion kWh (1,130 billion kWh thermal). This means that at the end of the year 2000,
China will have increased its power capacity and annual production to four times those of 1980.

China’s average coal-fired power generation efficiency is currently about 30 percent LHV. This
equates to an average coal consumption rate of 410 g/kWh. During the “ninth 5 years plan,” new
units will be over 300 MW in size and will utilize high-efficiency technologies. This will improve




the average efficiency and coal consumption rates to 32 percent LHV and 380 g/kWh,
respectively, by the end of the year 2000. The average efficiency and coal consumption rates are
expected to be 34 percent LHV and 360 g/kWh, respectively, at the end of the year 2010.

Based on the above estimates, coal-fired power generation consumed about 325 million tons of
standard coal for the year 1995 and this will increase to about 430 million tons in the year 2000.
At the end of year 2000, the annual SO, emissions from the electric power industry alone will be
about 6.25 million tons if no desulfurization is done. SO, emission from coal-fired power
generation plants is very serious, and will have serious effects on today’s population and on their
descendants.

(4) China Recognizes the Need for Clean Coal Technologies

Coal is China’s primary source of energy, and is expected remain so over the next 30 to 50 years.
The burning of coal has already caused serious environmental problems. In order to progress
further, China has adopted the development and implementation of clean coal technologies as an
important national policy to ensure that protection of the environment will parallel progress in
energy development.

Chinese coal is relatively high in ash content, and its sulfur content increases with the depth of the
mine. The environmental impacts resulting from utilization of coal are serious, in part because of
the huge levels of coal output and consumption.

Only about 23 percent of all Chinese coal is washed and, for power generation, only 11.28
percent is washed. In addition to the problems created for the users, unwashed coal wastes the

energy required for transportation. High ash content in coal always causes reduced coal
utilization efficiency.

Particulates removal at coal-fired power plants is the most successful of the efforts that have been
directed to control of environmental pollution. But there is almost no control of SO,. In 1994,
particulates amounted to 14.14 million tons and SO,, 18.25 million tons. Shenyang, Xi’an and
Beijing are listed 2nd, 7th and 8th, respectively, in a UN report on cities of the world with the
highest airborne SO,. In the year 2000, China’s total annual SO, emissions may reach 30 million
tons without adoption of any SO, control technology such as IGCC power plants. Rapid national
economic growth and quick energy and electric power growth are good and desirable, but not at
the expense of air and water pollution, and destruction of the value of land.




China’s coal utilization efficiency is still low compared with advanced countries. Industrial
furnaces are 10 percent lower and industrial boilers are 15-20 percent lower. The national
average thermal efficiency of coal-fired power plants is 30 percent LHV and the specific coal
consumption rate is 30 percent higher than in developed countries. Under the current China 5
Years Plan, the improvement of total thermal efficiencies for the electric power industry means
the reduction of airborne emissions. Therefore, 33,000 MW of low-efficiency, smaller units will
be retired and replaced by high-efficiency, larger coal-fired units; 40,000 MW of existing, old
coal-fired units will be refurbished; and 60,000 MW of new coal-fired power plants will be
constructed.

IGCC technology has proven its ability to solve most of China’s power generation problems at
costs that are comparable with those of conventional, PC-fired power plants, and it has great
promise for continuing reductions in first-cost relative to other technologies. Adoption of IGCC
for new facilities and for repowering of facilities that are appropriate candidates for it would result
in efficiencies that are today as good or better than the best-performing conventional

technologies, environmental performance that is vastly superior to conventional technology and
very good potential for continuing reductions in specific cost.

(5) - China Should Develop and Deploy IGCC Technology to Maintain Progress in
Economics and Environmental Improvement,

China has considerable experience with coal gasification, and presently has large number of
gasifiers producing feedstock streams for chemical and fertilizer manufacturing plants. There are
also numerous combined-cycle units generating electricity in coastal areas. But these two
technologies have never yet been combined in China to produce an IGCC unit.

Of the world’s emerging coal-firing technologies applicable to the commercial-scale generation of
electric power, IGCC is the most mature, efficient, the most environmentally sound and cost-
competitive.

In terms of maturity, there are at least 5 IGCC units between 250 and 300 MW either under
construction or operating in the US and Europe in 1996.

Current IGCC plant efficiency is at least 10 percent better than all coal-fired, conventional power
plants currently under construction. Fifty percent thermal efficiency will be reached with IGCC
utilizing the “H” class gas turbine technology after the year 2000.




IGCC units typically prevent all of the particulates, 99 percent of the sulfur and 90 percent of the
NO, from reaching the environment. The pollution-control features are integral parts of the
operating unit and are included in the overall efficiency numbers. With their inherent efficiency,
IGCC units contribute correspondingly less CO, to the atmosphere.

The investment cost for IGCC has been comparable with current, and lower than projected, near-
term, conventional PC power plant costs, and the IGCC technology has great potential for further
reductions in first cost, making it even more attractive as an alternative for power generation.
With its technological advantages, e.g., maturity, efficiency, and environmental cleanliness, and its
cost, which is the same or less than that of current conventional PC-fired technology, it makes
good sense for China to begin the introduction of new IGCC power plants and IGCC repowering
of existing facilities into its electric generation system at the earliest possible date. A good first
step would be the construction and operation of a Single, commercial-scale, IGCC demonstration
plant as soon as it can be done.

(6) Global Environmental Protection Is The Subject for Today, Not For Tomorrow.

At present, China is experiencing unprecedented expansion of its economy and requires massive
additions to its electric generating capacity to sustain this growth. Over 30 GW of the existing
generating capacity is so old, inefficient and/or in such poor condition that it demands near-term
replacement. '

The very rapid movement in China to expand the use of coal for power production presents a real
concern about local and global environmental impacts. If new information on global warming
confirms the importance of controlling CO, emissions, this impact could be even more dramatic.
Chinese power plants do not have even the most rudimentary pollution control devices for
controlling SO,, NO,, or particulates, all of which are common in most developed countries.
Therefore, whatever China does in the future concerning coal burning power plants will have a
global impact.

China’s energy consumption, dominated by coal, has resulted in serious air pollution, including
urban particulates, acid rain area expansion and large CO, emissions. In northern China,
particulate concentrations are 4-6 times higher than the maximum permissable level declared by
the World Health Organization. In one-fourth of the cities in north China the SO, emissions are
three times the national standard. China is the third largest CO, emission country in the world as
a result of coal combustion for energy. With the increase of energy consumption, particularly the




increase of coal utilization, pollution from energy will further increase in the future. A series of
policies and regulations have been promulgated to alleviate this condition including strategies to
use clean coal technologies. Of these technologies, IGCC is the least polluting.

(7) The US is Leading the World in Clean Coal Technologies.

The United States clearly is leading the world in terms of Clean Coal Technologies. During the
1970s, the U.S. was faced with 2 oil embargoes which led to rapidly advancing motor fuel costs
and a feeling of national unrest when the extent of America’s dependence upon middle-eastern oil
became widely known. Today, largely as a result of these experiences, many of the options in
terms of gasification technologies available in the world are American, e.g., Texaco, Destec,
KRW, etc. '

The U.S,, like China, has relatively large reserves of coal, and a significant industry is built upon
coal. So persistant is the desire to utilize coal in the U.S. that, even today in an era of near
economic parity between coal and other fuel forms in the U.S., e.g., natural gas, power plants
employing IGCC are being built and operated at the commercial scale.

The combined-cycle portion of the IGCC is based upon the gas turbine. The U.S. has been the
clear leader in development of gas turbine technology for many years. Commercial aviation
blossomed early in the U.S. From the mid-1950s, turbine-powered aircraft became the mainstay
of America’s large commercial air fleet. The development of industrial turbines has benefitted
directly from this wide aviation experience, to the point where now, industrial turbines are able to
employ ever higher firing temperatures, resulting in ever-increasing efficiencies. Several
significant manufacturers of industrial turbines — used in IGCC facilities — are in the U.S,
among them GE and Westinghouse.

In the mid-1980s, the U.S. government, in response to environmental concerns, kicked-off the
Clean Coal Technology (CCT) demonstration program to be funded to several billions of dollars
over several years, and to be administered by the U.S. Department of Energy. The CCT program
provided financial support for innovative applications of technology aimed at utilizing coal more
efficiently. Now nearing its conclusion, the CCT program can boast many commercial-scale
power plants to its credit, among them Tampa Electric’s Polk Power Station, the Wabash River
project, Pifion Pine, and others.

The U.S. Department of Energy, in addition to its own in-house efforts, continues to fund private




research into energy-related matters through cooperative agreements, fellowships, etc.

(8)  Commercialization of the IGCC Technology Is One of the US Significant
Contribution to World Energy and Environmental Improvements.

In addition to its abundant coal, the US also has large quantities of natural gas and oil, which
tends to make these materials relatively less expensive compared to coal than is the case in China.
In spite of this, the U.S. has moved ahead in the development and commercialization of coal
conversion technologies, most notably IGCC technologies. The cost of IGCC per kilowatt-hour
of capacity is rapidly dropping as more units are built and placed into operation but, in the U.S.
today it is unquestionably less expensive to build and operate a natural-gas fired, combined-cycle
generating plant than to build and operate an IGCC. This is because of the large amount of
additional equipment required to control the NO,, SO,, dust ash, etc., generated by the processing
of coal into clean energy.

There are few places in the world in which the ratio of costs between the available fuels is less
favorable to coal than in the U.S., yet it continues to be the world leader in commercializing the
clean coal technologies, such as IGCC.

Perhaps uniquely, the U.S. has a memory of the oil embargoes of the 1970s, and the national
vulnerability represented by its reliance on OPEC to continue to provide over one-half of the
U.Ss’ daily crude oil requirements. Further, the U.S. coal industry directly and indirectly employs
many Americans and pays a lot of taxes. Also, the U.S. has so much coal available that it simply
cannot be bypassed in favor of other fuels.

The U.S. is home to the sponsors of several gasification technologies, such as Texaco, Destec,
KRW, etc., and these companies aggressively market these systems on a commercial basis. These
efforts have not been without success since, quite apart from the DOE’s Clean Coal Technology,
sales have been made, both in the U.S. and elsewhere.

(9)  Fast growth rates of the Chinese electric power industry provide a vast potential -
market for applying US IGCC technology.

The installed generation capacity in China was 210 GW in 1995, over 70 percent of it thermal and
the balance hydro power. Most of the thermal generation now consists of conventional steam
power plants burning coal. It is expected that nearly 25 GW in generation capacity must be added




each year in order to reach the projected 290 GW in generation capacity around year 2000. The
vast majority of the new thermal generation will be coal-fired and all coal-fired power plants to be
installed will be conventional steam power plants with or without FGD under China’s “Ninth 5-
Year Plan”. IGCC power plants will be the best choice for China based on predicted power
growth rates after year 2000, if an IGCC demonstration plant can be built now.

It appears evident that the market potential for IGCC in China is substantial — particularly in the
longer term (15 to 20 year horizon). The realization of this potential will depend on the
availability of project financing. China and the US have taken some significant steps in
collaborative efforts to initiate IGCC planning for China’s power systems. However, because of
project financing requirements, it appears necessary to bring into the discussion and planning
process multilateral financial organizations such as the Asian Development Bank and the World
Bank.

IGCC technology can be applied in China in different ways. One of the primary uses would be for
the addition of totally new capacity which would begin to establish a foundation of highly efficient
and environmentally clean baseload generating capacity. Another use for IGCC technology would
to repower existing generating units into highly efficient and environmentally sound facilities with
lower investment and extended plant life.

Progressive generation (PROGEN) refers to the ability to build a gas turbine simple-cycle power
plant in small increments and change from a peaking to a mid-range combined-cycle to a base-
loaded, coal-fired IGCC power plant. Because of the rapid economic growth in the Southeast
China coastal areas, many simple-cycle and recently converted to combined-cycle plants can be
converted into IGCC power plants for coal burning.

Most coal-fired power plants can be designed for co-generation (COGEN) operation. The IGCC
power plant can be operated as a COGEN, tri-generation (TRIGEN) or poly-generation
(POLYGEN) plant. The coal gasification TRIGEN plant of the Shanghai Wujing Coking and
Chemical Factory is in operation to produce chemicals (methanol, acetic anhydride, and cellulose
acetate), town gas, and electrical power.

(10) Construction of a US IGCC Technology Demonstration Power Plant in China will
Exhibit the Economic and Social Benefits to China.

China is likely to add more than 10 GW in coal-fired generation per year both short- and long-




term. Additions of IGCC technology should start around the year 2000. Initially, current GT/CC
technology should be utilized, but as operating experience on natural gas demonstrates the
economies of scale to be gained from increased CC output, the transition to IGCC plants utilizing
that technology should begin. The proper combustion of coal-gas in the next generation GT/CC
technology is already being explored and will be completed well before the technology is applied
in an IGCC plant.

Long-range IGCC penetration is likely to be strongly supported by economics. Plant costs with
the next generation of IGCC technology are expected to be the same or lower than a conventional
coal-steam power plant with FGD. The LHV efficiency will be about 50 percent compared to
around 38 percent for the coal-steam plant, resulting in about 25 percent lower coal consumption
due to the efficiency difference alone. Operations and Maintenance (O&M) costs are expected to
be similar for the two options. The economics should always favor the IGCC option.

Other important IGCC features are reliability and operational characteristics, which are normally
not fully accepted until a proper demonstration program has been conducted. Therefore, China
must install and operate a full-scale IGCC demonstration facility as soon as feasible. As much as
possible should be learned from existing commercial IGCC plants to shorten the learning curve
vis-a-vis the IGCC technology. The current family of IGCC facilities incorporates different
gasifier technologies and fuels. Careful monitoring of the status of these facilities should allow
China to get maximum performance from their first IGCC facility. The first IGCC in China will
also be an important step in the learning process for other interested countries.

Another important issue, not only for China, but for other countries as well, is the acceptance of
the IGCC technology by the electric power industry. A steam boiler operator will not
automatically accept the introduction of a gasifier plant as part of his operational responsibilities.
Education and instruction in IGCC operation and maintenance during the full-scale demonstration
phase will be an important step toward general acceptance by China’s regional electric power
systems.

As acceptance increases, a general shift in domestic manufacturing capability to provide suitable
GTs, HRSGs and STs will be necessary. This is another factor in the pace of adoption of IGCC
technology in China. Initially, a relatively high portion of foreign-sourced components may be
acceptable, but optimum penetration of IGCC will require that a significant portion of the plant
equipment be manufactured domestically.
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II. INTRODUCTION
Background

The United States (US) Department of Energy (DOE) and the Ministry of Coal Industry (MCI) of
the People’s Republic of China (PRC) signed a protocol in the field of fossil energy research and
development in April 1985. An annex to this agreement, Annex IX, was signed in April 1994 for
cooperation between the US DOE and PRC State Science and Technology Commission (SSTC)
in the area of clean coal technology (CCT) utilization.

The United States and China signed Annex IX to address the common problems of power plants
and emissions resulting from the use of coal. Both nations will derive benefits from cooperating
to resolve these problems. As China seeks to commercialize clean coal technology, the United
States can assist China by providing experience gained through the DOE CCT program.

The need to utilize the coal resources of China more efficiently and cleanly has created a market
for CCT which will continue to grow in proportion to PRC economic growth in the future. The
technologies of interest in the near-term (prior to 2000) will include approaches to more efficient
conventional power generating systems with low-cost SO, and NO, emission reduction systems.
New technologies, with utilization planned for after the year 2000, are high efficiency integrated
gasification combined-cycle (IGCC) power plants and others. IGCC, a new coal-based power
generation technology for improving efficiency and reducing emission, is reaching maturity.
IGCC is in full-scale commercialization in Europe and the United States. Presently available
IGCC technology has already achieved better efficiency than conventional power generating
systems, and IGCC efficiency is expected to reach 50 percent in the next century through further
improvement of coal gasification and high-temperature gas turbines.

To develop higher efficiency and clean coal-based power generation technology for the 21st
century, the PRC Ministry of Electric Power (MEP) has included IGCC in its mid- and long-term
plan and strives to build a large-scale (200-400 MW) advanced IGCC demonstration power plant.
This demonstration will serve as a foundation for commercial application of the IGCC technology
in China for the 21st century. China has placed a priority on building an IGCC demonstration
plant under Agenda 21. This demonstration plant is to be based on imported technology that can
serve as the foundation for large-scale application and diffusion of IGCC technology in China.
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Objective of the IGCC Experts Report

Establishment of an IGCC data base will provide information to support research and equipment
development and provide the foundation for future installations in China. An IGCC leading -
committee composed of high-level Chinese official representatives of the SSTC, State Planning
Commission (SPC), State Economic and Trade Commission (SETC), MEP, Ministry of
Machinery Industry (MMI), and MCI was established to define the demonstration project.

According to the estimated economic growth rate, the demand for energy in China will increase at
a rapid rate in the near future. Coal will maintain a prominent position in the energy supply for a
long time to come. The means to solve the problem of burning coal with high efficiency and
lower pollution is of vital importance, for it not only affects the rational utilization of energy in
China but also helps protect the global environment. Preliminary engineering feasibility studies
already are complete

The intention is that preparation of this report for high level decision makers by the US and PRC
recognized experts in IGCC may greatly accelerate the development of the IGCC demonstration
project in China. The potential market for IGCC in China and the competitiveness of IGCC with
other clean coal options for China will also be analyzed in the report. Such information will be
useful not only to the Chinese Government but also to the US vendors and companies. The
report will be used by US technology developers and equipment vendors in assessing the
potential of IGCC in China as related to equipment and systems procurement and supply.

The goal of this report is to analyze the energy supply structure of China, energy and
environmental protection demand, and potential market in China in order to make a justified and
reasonable assessment on the feasibility of transfer of US CCT to China. The IGCC Expert
Report has been developed and written by the joint US/PRC IGCC experts and will be presented
to the SPC by the President of the Chinese Academy of Sciences (CAS) to ensure the
consideration of the importance of IGCC for PRC power production.

The objective of this report is to answer questions posed by the PRC regarding the commercial
acceptability and acceptance of IGCC technology for the production of power in China. The
report will focus on the following considerations:

1. What is the current degree of maturity, reliability, flexibility and suitability for IGCC for
different kinds of coals?




. What is the difference between the first demonstration costs, and owning and operating an
IGCC plant after commercialization?

3. Why is IGCC not widely used since the U.S. successful demonstrations?

4. Why is sulfur content of coal a key criteria for the selection of IGCC when China has vast
reserves of low sulfur coal (<1%S)?

5. How is turbine life affected and what are the modifications required for gas turbines firing
middle Btu value coal derived gas?

IGCC Expert Meeting

As part of the justification for China to continue to pursue the demonstration of IGCC technology
at a large utility scale (250 MW - 600 MW), a team of experts in IGCC was identified which
includes both US and PRC individuals representing the different interest groups associated with
IGCC technology development and commercialization. The participants of the IGCC Expert
Meeting include government, industry and academia representatives renown in the field of IGCC
and its related technologies. The IGCC Experts Meeting was held in Beijing during the
November 29 to December 6, 1995 where ten topical areas were discussed. The technical
materials presented reflected the ten points approach both the US and PRC suggested as the input
to the jointly prepared IGCC Experts Report.

The planned agenda included technical discussions regarding the status of IGCC technology
development and the potential for its demonstration and use in China for the production of power.
Discussion workshops were held to review the material presented, and to provide the various
points of views, issues and content of the presentations, the use and commercial readiness of
IGCC, and the barriers that are perceived associated with the use of IGCC for power production
in China, as well as the advantages of IGCC selection and use in meeting PRC current and future
electric power needs. The IGCC Expert Report format and outline were finalized and
assignments agreed upon for the US and PRC members to provide specnﬁc technical input to the
jointly-developed composite report.







III. CHINESE FIVE IGCC EXPERTS DISCUSSION

1. Current Status and Prospects of China’s Energy and Electricity Industry

Professor Zhou Fengqi

2. Coal and Clean Coal Technologies in China

Professor Chen Jiaren

3. Perspective on IGCC in the Chinese Electric Power Industry

Senior Engineer Huo Hongxian, and Dr. Xiao Yunhan

4. The Application of Coal Gasification Processes in China

Professor Fang Dewei and Professor Yu Zunhong
5. IGCC — An Advanced Power Generation System with High Efficiency, Low
Pollution, and Low Water Consumption for China

Academician Cai Ruixian and Professor Lin Rumou
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1. Current Status and Prospects of China’s Energy and Electricity Industry

Professor Zhou Fenggqi, Director
Energy Research Institute of PRC State Planning Commission
Chinese Academy of Sciences
Beijing, China

Energy Resources and Energy Production
China has rich coal and hydropower resources.

Proved resources of coal in China amount to about 1 trillion tons, which accounts for more than
90 percent of the available conventional energy. Of this, 75 percent is bituminous, 12 percent is
anthracite, and the balance, 13 percent, is lignite. 80 percent of Chinese coal lies in north and
northwest China.

China has 379 gigawatts (GW) of exploitable hydropower resources, which ranks the first in the
world, and most of this is in southwest, northwest and central China.

According to major reviews completed in 1993, China has 94 billion tons of total oil resources,
and total natural gas resources of 38 trillion (T) cubic meters. Exploration for oil and gas in
China is still at the beginning stage. Proven reserves are only a small part of the total, most of
which are concentrated in the eastern region north of the Yangtze River.

The major biomass resources of China include three parts: Crop stalk which can be used as fuel;
Firewood from the logical felling of different kinds of trees, human and animal manure and
organic waste water. At present, the annual consumption of biomass resources is about

300 million tons of standard coal equivalent (Mtce).

In summary, China has abundant energy resources of comprehensive types, but it is unevenly
distributed, and because of the large population, available energy per capita is small, and its use
should be frugal.

Energy production in China has developed rapidly,. During the period from 1949 to 1993, the
output of raw coal increased from 32 million tons (Mt) to 1,149.7 Mt; that of crude oil increased
from 120 thousand tons (Kt) to 145.2 Mt; natural gas grew from 7 million cubic meters to
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16.95 billion (G) cubic meters; and electricity rose from 4.3 trillion watt-hours (TWh) to
839.5 TWh, of which hydropower rose from 0.7 TWh to 151.8 TWh. The total output of
primary energy reached 1,112.63 Mtce, ranking the third in the world.

Chinese energy production for different years is shown in table 1. According to the data in the
table, we can calculate the annual average growth rate of energy production, to be 9.1 percent.

The Current Status and Characteristics of Energy Consumption

Table 2 shows China’s total energy consumption, by type, for some selected years.

The table indicates that, from 1949, along with the increase of energy consumption, the primary
energy consumption structure changed significantly, which changed from coal alone to a multi-
energy structure comprising coal, oil, gas, hydropower, and etc. But we can predict that it is
difficult to change the coal-dominated energy structure within a short period of time.

Table 3 shows the primary energy consumption and mix by sector in China. The table shows that
industry is the major energy consumer. Since the 1980s, the fraction of energy consumption by
industrial production hasn’t decreased. On the contrary, it has continuously increased. Energy
consumption by industrial production accounts for 70 percent in 1992. Within the industrial
sector, energy consumption of chemistry, metallurgy and building material accounts for 45.8
percent.

Energy produced in China mainly supplies domestic consumption. Coal exports in 1993 were less
than 2 percent of this year’s output. Where China once exported great quantities of crude oil, it
became a net oil importer in 1993.

Table 4 shows China’s energy imports and exports from 1980 to 1993. The proportion of coal
converted into secondary energy is small. In 1992, 1140 Mt of coal was consumed in China
altogether, of which 43 percent was converted into secondary energy including 29.3 percent for
electricity. The remaining 57 percent was used in industrial boilers, kilns, and residential cooking
and heating. The huge amount of direct coal combustion led to serious air pollution.

People make use of biomass as their major residential energy in rural areas. 70 percent of

residential energy in rural areas of China was derived from biomass in 1992, but during the
12 year period from 1980-1992, the annual growth rate of commercial energy was larger than 10
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percent on average. Commercial energy consumption exceeded that of biomass in 1992.
Future Energy Demand Forecast of China

The method for energy demand forecast: LEAP (Long-Range Energy Alternatives Planning)
model is used to help the energy demand forecast. 1990 is taken as the base year, and 2000,
2010, and 2020 are the planned target years. Six major sectors with 17 subsectors and 11 kinds
of end use energy types are taken into consideration.

Assumptions for the Planned Indicators

Economic development: It is projected that the GDP growth rate from 1990 to 2000 will average
9 percent per annum; from 2000 to 2010, 7.5 percent; and 6 percent per year for 2010 to 2020.
The economic growth rate of the first, second and third industry and sectors are shown in table 5.

Population: It is projected that the annual average population growth rate will be 12.5 percent,
7.2 percent, and 4.2 percent during the periods of 1990-2000, 2000-2010, and 2010-2020,
respectively. According to the projection, the population will be 1.294, 1.39 and 1.45 billion,
respectively. Table 6 shows the details.

Energy conservation rate: It is assumed that the nationwide annual average energy conservation
rate will be 4.49 percent, 4.42 percent, and 3.35 percent during the periods of 1990-2000, 2000-
2010, and 2010-2020, respectively.

Results of the Energy Demand Forecast

According to the end energy consumption and the assumptions outlined above, the LEAP model
is used for energy demand forecasts of the target years. The results are presented in table 7.
Table 8 shows the increase rate of China’s end energy demand of China in target years. Tables 9
through 12 present the end use energy demand of China in target years by sector. From the
results of energy demand forecasts we can conclude:

(1) The share of coal in end use will decrease from 33 percent in 1990 to about 20 percent in
2020;

(2) Electricity demand will rapidly increase. The share of electricity in end use will rise from 17.7
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percent in 1990 to 35.5 percent in 2020;

(3) The demand for oil and gas will also increase considerably. The share of oil and gas will
increase from 13 percent in 1990 to 22.4 percent in 2020.

Forecast for Future Electricity Production of China

The total installed capacity of electric power of China was 137.89 GW in 1990, of which hydro
power was 36.05 GW, accounting for 26.1 percent; Electricity generation reached 621.62 TWh,
of which hydro power amounted to 126.47 TWh, accounting for 20.34 percent.

In 1990, the fuel consumption for thermal power stations was 202.18 Mtce, of which, 94.4
percent came from coal, and only 5.65 percent came from fuel oil and gas. The average energy
consumption for electricity generation was 392 gram standard coal equivalent/kilowatt-hour
(gce/kWh), while generation gross efficiency was 31.4 percent. The average unit consumption for
thermal power stations was 427 gce/kWh at the consumer’s end, and electricity supply net
efficiency was 28.8 percent. The main reasons for high unit consumption are: most of the existing
thermal power plants are fueled by coal, while most of these coal-fired plants utilize technologies
and equipment typical of the 1950s and 1960s. Only a few of these plants utilize modern, highly
efficient technologies. At the end of 1990, the Chinese generating plants of greater than 125 MW
capacity that operated at higher pressures and efficiencies constituted only 47 percent of the total
installed thermal generating capacity. At present, operating small capacity units of medium and
low pressure account for 26 percent of the installed thermal power capacity. The larger Chinese
thermal power generation plants are less efficient than those in more advanced countries by an
average of 10 percent and normally cannot reach their nominal design output in terms of
electricity production. Generally, auxiliary equipment efficiency also is lower and thus the internal
electricity consumption is higher, at 8.22 percent in 1990, than more advanced plants by 30-50
percent.

According to experts’ forecasts, tables 13 and 14 present the development trend of China’s
electric power industry. What should be indicated is that this forecast is based on a low rate of
increase. During the 30 years’ period of 1990-2020, the annual average rate of increase in
installed capacity for thermal power generation will be 5.55 percent, while during the 1990s, it
will be 8 percent.




Forecast for Primary Energy Supply

According to the forecast results of end use energy demand, and considering the consumption
arising from energy production, transportation and distribution, the primary energy demand can be
derived. After considering domestic output and import, we can get the scenarios for primary
energy supply, which are shown in table 15.

Table 15 shows that the primary commercial energy demand in 2000, 2010, and 2020 will be
about 1.5, 2.0, and 2.5 billion tons of standard coal equivalent (Gtce) respectively; Coal demand
will be 1.5, 2.0, and 2.5 Gt respectively; Crude oil demand will be 0.2, 0.28, and 0.35 Gt; and
Natural gas demand will be 30, 60, and 120 billion (G) cubic meters. The share of coal in primary
energy will decrease by 10 percent during the 30 year period, and the share of natural gas, hydro
power, and nuclear power will increase gradually.

Challenges in China Energy Development

China’s modernization faces huge pressure in terms of population, available resources and the
environment. Energy is closely related to the three restricting factors.

At first, population is too high. As of February 1995, China’s population had reached 1.2 billion.
More than half of the population’s education level was limited to primary school or even lower.
Excess population and low educational levels are the long term and most important restricting
factor in resolving China’s energy problems. At present, China’s primary energy consumption has
ranked second in the world, but the per-capita figure is very low. The per-capita commercial
energy consumption was 1,024 kilograms of standard coal equivalent (kgce) in 1994, which was
only 50 percent of the world average. Household per-capita electricity consumption was 73 kWh,
only equivalent to 2.2 percent of the American figure. Moreover, up to now, there are still

100 million people in China who have no access to electricity

Second, per-capita energy resources are insufficient. China has an abundance of many kinds of
energy resources, but, on a per-capita basis, this is relatively insufficient. The total coal resources
amount to 4,000 Gt in the 1,500 meter depth range, but under the current technological and
economic conditions, the recoverable reserves only amount to 114.5 Gt. The per-capita figure is
only equivalent to half of the world average. According to data from “1995 World Energy
Statistic Review,” which was completed by British Petroleum Corporation, by the end of 1994
the undeveloped demonstrated reserves of petroleum amounted to 3.3 Gt, making the per-capita
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amount only 2.75 tons, equivalent to only 11 percent of the world average. Relatively insufficient
per-capita energy resources, especially petroleum, is an important restricting factor for society and
economic development of China.

Third, the ecological environment is deteriorating. The major energy and environment problems
of China are atmospheric pollution in the cities, caused by great quantities of coal combustion and
ecological damage caused by over consumption of biomass in rural areas.

China is one of few countries in which coal plays so large a role in the energy mix. It is also the
largest coal consumer in the world. China’s coal consumption in 1994 amounted to 26.6 percent
of the world’s coal consumption. Nationwide (not including town and village enterprises), SO,
emissions amounted to 18.25 Mt and total suspended particulates (TSP) emissions amounted to
14.14 Mt. Compared to 1990, this represents increases of 12.2 percent and 6.8 percent
respectively. Of this, it was estimated that 90 percent and 70 percent, respectively, was due to
coal combustion. Because the controls on SO, emissions lack strength at present, it is estimated
by experts that acid rain happens in one third area of China’s national land area. The economic
damages which are caused by SO, and acid rain pollution from 1 ton of coal combustion in some
cities reaches 50-70 yuan RMB.

Additionally, as greenhouse gas emissions from China have been ranked third in the world, it is
also necessary to adopt some measures for controlling the rapid increase of CO, emissions.

Energy Policies for Sustainable Development
Integrated Energy Planning and Management

To establish an energy supply system and consumption model which can adapt to economic
development and environmental requirements, it is necessary to undertake integrated planning for
energy, environment and economic development, which can be used as the proof of planning,
policy, measures and management. It is advantageous to comprehensively analyze, study and
solve the cross-problems in the fields of energy, the environment and the economy, to coordinate
correlations, so as to realize the comprehensive coordination and balance among energy, the
environment and economic development.

The goal of integrated energy planning and management is to establish a set of methods for
integrated planning in the areas of energy, the environment and the economy which can be
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appropriate to China’s situation and the requirements of the socialist market economic
mechanism, disseminate and apply it to different levels of energy management departments.
National and local energy, the environment, and economic integrated planning and corresponding
implementation scenarios will be developed before 2000.

Before the end of this century, China’s strategies and policies can be summarized as follows:
Equal focusing given to energy exploitation and conservation, and give priority to energy conser-
vation; improvement of energy mix and distribution; As for energy industrial development, taking
electric power as the center, taking coal as the base, energetically developing hydro-power,
positively exploiting petroleum and natural gas, moderately developing nuclear power, suiting
measures to localities, developing new energy and renewable energy, depending on scientific and
technological improvement, raising energy efficiency, reasonably using energy resources, and
reducing environmental pollution.

Raising Energy Efficiency and Energy Conservation

Along with the rapid economic development and population increase, the contradiction that the
energy supply is unable to meet the demand will exist in a long term, the gap between high quality
energy supply and demand will enlarge day by day, so Chinese economic development pattern
should change from extensive operation to intensive operation, and begin to focus on efficiency.
On the other hand, energy conservation is also an economic and efficient measure for preventing
pollution, and limiting the production of so-called greenhouse gases.

Currently, energy consumption per unit production value in China is equivalent to 3-4 times that
of developed countries, the energy consumption per unit production of major products is higher
than that in developed countries by 40 percent on average. China’s average energy utilization rate
is only about 30 percent, compared with more than 40 percent in developed industrial countries.
Therefore, China has great direct energy conservation potential.

Not all of the industrial structure of China is reasonable. The percentage of the service industry
which has low energy consumption is small, while the share with intensive energy consumption is
large, which accounts for 51.8 percent, there is only a small number of enterprises of moderate
scale. Along with the adjustment and optimization of industrial structure, product structure and
energy mix, energy distribution will become sound. The potential for indirect energy conservation
is larger than that for direct energy conservation. The objective for energy saving is that the
energy conservation rate should be higher than 4 percent before the year 2000. The energy
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consumption elasticity coefficient should be less than 0.5, i.e., more than half of an energy demand
increase will be met by energy conservation. To achieve the targets mentioned above, it is
necessary to include the work of energy conservation in national economic and society
development planning, institute and implement an “Energy Conservation Law,” gradually cancel
the unreasonable financial subsidy for energy, and further rationalize energy pricing.

Dissemination of Clean Coal Technology

Deployment of clean coal technology is a component of the strategy for accelerating the change
of the coal-dominated energy system to a sustainable model with no environmental damage. The
Chinese government is planning to prepare a clean coal technology development plan, and put it
into national economic and society development planning. Meanwhile, China will promote clean
coal utilization by instituting a series of policies, laws, regulations and economic strategies.

Study cleaning, separation and desulfurization technologies f or high sulfur coal, dry separation
technologies, increase the percentage of raw coal to be washed. Increase the production of
residential and industrial briquettes, increase the share of quality coal for power plants, study and
:develop biomass briquetting which has high efficiency and little pollution, develop or introduce
large scale circulating fluidized bed (CFB) combustion technologies, develop or introduce
coal/water slurry combustion technologies, develop or introduce coal gasification and integrated
(coal) gasification combined-cycle (IGCC) electricity generation technologies, study and develop
high efficiency combustion, and technologies to utilize peat, anthracite and lignite.

The aim will be to raise the share of coal which is converted into clean secondary energy such as
electricity, heat and coal gas etc., and reduce the end use of coal which is directly or separately
burned.

Develop and introduce advanced and high efficiency flue gas clean technologies, focused upon
development of technologies and equipment for flue gas dust removal, desulfurization, denitration
and waste reuse which are suitable to China’s national situation.

Development and Utilization of New Energy and Renewable Energy

Renewable energy doesn’t produce, or produces little pollution. Therefore, renewable energy is
the base of the future sustainable energy mix.
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China has rich renewable energy resources, and there is great potential for further development
and utilization. By the year 1993, the exploited hydro power was only 11.8 percent of the total,
the exploited wind power is 0.002 percent, and the exploited geothermal power is 0.01 percent.
Solar energy and biomass energy resources utilization also have a good prospects.

To increase the use of renewable energy and make it able to compete with fossil fuel, it is
necessary to increase investment and policy support, develop technologies, and reduce cost. The
target is that the total utilization of renewable energy should amount to 298 Mtce and 390 Mtce
by the years 2000 and 2010, respectively.

Table 1. Energy Production in China 1949-1993

r Total Coal oil Natural Gas Electriolty Generation (TWh)

Year (Mitce) (Mt) (Mb) (Gm®) Total Hydropower

';1949 23.71 32.0 0.12 0.007 4.3 : 0.7
1952 48.71 . 66.0 0.44 0.008 7.3 1.3

“ 1957 98.61 131.0 1.46 0.07 19.3 4.8

" 1962 171.85 220.0 5.75 1.21 45.8 9.0

“ 1965 188.24 2320 11.31 1.10 67.6 10.4 I

ll 1970 309.90 354.0 30.65 2.87 115.9 20.5
1975 487.54 482.0 77.06 8.85 195.8 47.6
1980 637.35 620.0 105.95 14.27 300.6 58.2
1985 855.46 872.0 124.90 12.93 410.7 92.4

|| 1990 | 103922 | 1080.0 138.31 15.30 621.2 126.7

Il 1993 1112.63 1149.7 145.20 16.95 839.5 151.8

Source: China Statistic Yearbook 1994
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Table 2. Primary Energy Consumption Mix in China 1953-1993

Energy Consumption Mix (%)
Year Total (Mtee) Coal Oil Natura] Gas Hydropower
1953 54.11 94.33 3.81 0.02 1.84
1957 96.11 92.32 4.59 0.08 3.01
1962 165.40 89.23 6.61 0.93 3.23
1965 189.01 86.45 10.27 0.63 2.65
1970 292.91 80.89 14.67 0.92 3.52
1975 454.25 71.85 21.07 2.51 4.57
1980 602.75 72.15 20.76 3.10 3.99
1985 770.20 75.92 17.02 2.23 4.83
1990 987.03 76.20 16.60 2.10 5.10
1993 1117.68 72.80 19.60 2.00 5.60
Source: China Statistic Yearbook 1994
Table 3. Primary Energy Consumption by Sector and Mix
1980 1990 1992
Mtce % Mtce % Mtce %
Total End Energy Consumption 602.75 100 987.03 100 1,091.70 100
1. Production Sectors 480.55 79.7 794.30 80.47 891.73 81.68
A. Agriculture 46.92 7.8 48.52 4.92 50.20 4.60
B. Industry 389.86 64.7 675.78 68.47 762.79 69.87
a. Heavy Industry 322.14 534 538.60 5457 | 606.28 55.53
b. Light Industry 67.72 11.2 137.19 13.90 156.51 14.34
C. Construction 9.57 1.6 12.13 1.23 13.92 1.28
D. Transportation & 1 29.02 4.8 4541 4.60 50.58 4.63
Communication
E. Commercial 5.18 0.9 12.47 1.26 14.24 1.30
2. Non-Production Sectors 12.05 2.0 34.73 3.52 43.61 4.00
3. Household 110.15 18.3 158.00 16.01 156.36 14.32

Source: China Statistic Yearbook 1994, 1991




Table 4. Energy Export and Import in China 1980-1993

Unit: Mt
l'——'_—" I R R e |
1980 1985 1990 1991 1992 1993
Export 13.31 30.03 23.99 22.60 21.51 19.43
Crude Oil
Import 0.37 2.92 5.97 11.36 15.65
Export 420 6.21 6.33 6.82 5.98 4.56
Qil Products
Import 0.46 0.90 3.94 5.91 7.78 17.54
Coal Export 6.32 7.77 17.29 20.10 20.19 19.81
(o) -
[L Import 1.99 231 2.00 1.37 2.00

Source: China Energy Annual Review 1994

Table 5. China Economic Development Scenarios by Sector

Unit: Output: 100 million yuan; Share: %; Growth rate: %
1990 2000 2010 2020
Growth Growth Growth
Qutput | Share ] Output | Share | Rate Output Share Rate Qutput | Share Rate
Nationwide 17,676 | 100 } 41,846 | 100 9 86,246 100 7.5 154,453 100 6
The first 5024 | 284 | 7,700 | 184 | 4.36 10,522 122 3.17 13,437 8.70 248
industry
The second 7829 | 443 | 18878 14516 9.2 37,394 | 4336 7.07 63,324 | 410 541
industry
The third 4818 | 273 115170 f 363 | 12.15 38,385 44.44 9.73 77,711 503 731
industry
| Agriculture 5024 ] 284 | 7,700 | 184 4.6 10,522 12.20 3.17 13,437 8.70 248
Industry 6,981 , 39.5 116,679 139901 9.10 32,859 38.10 7.0 55,140 | 35.70 53
Construction | 848 | 4.80 | 2,199 | 526 | 1000 | 4534 | 526 | 75 | 8124 | 526 6.0
Transportatio 956 541 | 2480 | 593 | 10.00 5,114 593 75 9,174 5.94 6.0
n
Commercial 944 534 | 2958 | 7.07 | 12.10 7,596 8.81 10 15,560 | 10.10 74
L Non-material | 2,918 | 165 | 9,732 2330 ] 128 25,678 éSO 10 52,977 34.30 7.5
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Table 6. China Population Increase Scenarios

Unit: Population: 100 million; Share: %; Growth rate: %
e ——— T ——————
1990 2000 2010 2020

Popula- Popula- Growth | Popula- Growth
tion | Share Share tion Share Rate tion Share Rate

Nationwide | 11.43 § 100.0 100.0 13.90 100.0 7.2 14.5 100.0 4.2
City 3.02 264 . 314 5.20 374 6.5 44.8
II Rural 841 73.6 68.6 8.70 62.6 8.0

Persons/ 420 3.86 361
Household

Table 7. Forecast Results: Final Energy Demand and Mix

1990 2000 2010 2020

Share Share Share
Demand (%) Demand (%) Demand (%) Demand

530.98 33.04 632.76 27.85 771.59 24.00 715.71
lgudc Oil 3.87 048 2.32 0.20 2.81 0.19 3.09
Natural Gas 147.89 1.71 268.20 2.20 537.74 3.38 995.19
Electricity 518240 17.70 11232.50 24.92 19413.94 30.26 28246.88
Oil Products 88.11 11.29 157.16 14.25 229.67 15.95 299.84
Biomass 264.97 23.08 264.40 16.29 254.32 12.01 220.76
Others 145.74 12.70 23164 | 14.28 300.72 14.20 346.51
Total 1147.98 | 100.00 1622.63 100.00 211746 100.00 2560.36

Table 8. Annual Increase Rate of End-Energy Demand

1990-2000 2000-2010 2010-2020
Coal 1.77 1.18 0.06
Crude Oil 497 1.93 0.95
Natural Gas 6.13 7.20 635
Electricity 7.13 471 3.50
Qil Products 5.96 3.87 . 270
Biomass -0.02 -0.38 -1.40
Others 4.74 2.64 1.43
Total 3.52 2.70 1.92
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Table 13. The Development Trend of Installed Capacity of China Electric Power Industry

Electricity 1990 2000 2010 2020

| Generation Mode MW % MW % MW % MW %
Thermal power 101820 | 73.86 |220200| 75.79 |374650| 76.39 | 514850 | 73.55
Hydro power 36040 | 26.14 | 66500 | 22.89 | 100000 | 20.39 |138000| 19.71
Nuclear energy 0 - 2700 0.93 10700 | 2.18 32000 | 4.57
Wind energy 10 - 1000 0.34 4000 0.82 10000 | 1.43
Geothermal energy 21 - 60 0.02 100 0.02 150 0.02
Solar energy 0.26 - 80 0.03 1000 0.20 5000 0.71

LLTotal 137891 | 100.00 | 290540 | 100.00 | 490450 | 100.00 | 70000 | 100.00

Table 14. Forecast on Electricity Generation of China Electric Power Industry

Electricity 1990 2000 2010 2020
Generation Mode TWh % TWh % TWh % TWh %
Thermal power 495.05 | 79.64 | 1044.53 | 78.48 | 1788.72 | 78.81 | 2447.56 | 75.51
Hydro power 126.47 | 20.34 | 266.36 | 20.01 | 400.54 | 17.65 | 552.75 | 17.05
Nuclear energy - - 17.56 1.32 69.59 3.07 208.11 6.42
Wind energy - - 2.00 0.15 7.99 0.35 19.98 | 0.62
Geothermal energy | 0.1 0.02 0.23 0.02 0.38 002 0.56 0.02
Solar energy - - 0.20 0.02 2.50 0.10 12.49 | 0.38
“ Total 621.62 | 100.00] 1330.88 | 100.00] 2269.72 | 100.00 | 3241.45 | 100.00
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Table 15. Primary Energy Supply (1990 — 2020)

1990

2000

2010

2020

amount

Supply | Share

%

Supply
amount

Supply | Share

amount

%

Supply
amount

Share

Commercial Energy

1041.92

79.54

1505.45

2045.58

88.62

2544.86

Coal

10.83
773.58

7425

15.00
1072.45

19.63
1401.84

68.53

22.77
1626.23

Output

1.38
197.69

1.65
235.79

2.00
285.80

221
314.38

Import
Petroleum

0
-0

0.38
54.14

0.84
119.47

1.34
191.59

Supply

203
289.93

2.84
405.27

3.55
505.97

Output

300.15
39.92

499.25
66.40

798.80
106.24

Impért

0
0

ol
0

99.55
13.24

393.76
52.37

Supply

157.74
20.98

300.15
39.92

598.80
79.64

1192.56
158.61

Hydro power

1266.00
49.63

2665.28
95.95

4007.88
132.26

5525.63
176.82

Nuclear Power

0
0

175.83
6.33

696.36
22.98

2080.31
66.57

Wind, geothermal &
solar energy

1.02
0.04

24.17
0.87

108.79
3.59

330.31
10.57

Sum

1041.92

1505.45

2045.58

2544.86

Non-commercial energy
(biomass) :

268.07

270.09

262.57

233.01

Total

1309.99

1775.54

2308.15

2777.87




2. Coal and Clean Coal Technologies in China

Professor Chen Jiaren
Beijing Research Institute of Coal Chemistry
Central Coal Miring Research Institute
Beijing, China
Abstracts

Both the proved coal reserves and the consumption of coal in China are in the dominant positions
in the national primary energy mix. Chinese coal reserves and mines are mainly concentrated in
North and North-west China, Chinese coal is of many different ranks and is more difficult to wash
It has high sulfur and ash content, and is widely used in all industries and trades. The situation
and status of Chinese Clean Coal Technologies (CCCT) are mentioned, the main gap in CCT
between China and advanced countries is the scale of available technology and the maturity of
CCT. Some suggestions, such as choosing the most suitable CCT according the coal
characteristics and the user, in R&D of China’s CCT, to promoting international cooperation, and
focus on the main coal consumers, the key technologies and the more mature technologies, etc.,
have been made.

Chinese coal
Proved Chinese Coal Reserves and its Distributions

At the end of 1992, the Chinese coal resources amounted to 986.3 Gt, (of which the proved
reserves accounted for 30 percent) about 90 percent of total conventional energy resources in
China."? The main periods of coal represented in China are Early Cambrian, Early
Carboniferous, Late Carboniferous-Early Permian, Late Permian, Late Triassic, Early and middle
Jurassic, Early Cretaceous and Tertiary. It is almost the same as with other parts of the world,
from the Paleozoic Era, the Mesozoic Era to The Cenozoic Era. Because the weather and
conditions were different, in south China most coal accumulations are from the Paleozoic Era, and
partly from the Cenozoic Era. In north China most are from the Late Paleozoic Era and the
Mesozoic Era. In north-east China and the Inner-Mongolia area the coal accumulations are from
the Cenozoic Era. In China the coal resources that were formed in the Carboniferous, Permian
and Jurassic periods are most important, and account for 96 percent of the total coal resources. In
north China the coal resources of the Carboniferous and Permian periods are estimated to be 70
percent of the total of the Permo-Carboniferous coal in China. So it is clear that the main Chinese
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coal reserves are in the north part of China, and this area — especially the north-west area — is
the main coal mining area in China, comparatively speaking. In the south part of China, especially
in south-east, the coal reserves are very small.

In recent years, most Chinese coal has been Permo-Carboniferous coal. In the future it will

mostly be the Early and middle Jurassic coal, so coal mining will move from north to north-west.
According to newly published geological information®, the prospective coal reserves at the end of
1990, at depths of less than 2000 m amount to 5,328.7 Gt, of which the north China Permo-
Carboniferous and Early and Middle Jurassic coals are 28 percent and 63.1 percent fespectively.

The above data show that there are abundant coal reserves widely distributed in China’s south and
north, but from the amount of reserves that are not well distributed, most are in the north or
north-west part of China. Northwest China will become the main coal mining area in the future.
Figure 1 shows the actual locations of the Chinese coal reserves.

Metamorphism causes the different ranks of coal, from lignite, sub-bituminous, bituminous, and
anthracite coals to natural graphite.

The Characteristics of Chinese Coals and Their Geological Locations

The characteristics of coal depends upon the conditions of formation and the age of the coal being
formed. The conditions include the raw materials which form the coal, and the environment in
which it is formed, such as location, space, temperature, pressure. etc. The ash content mainly
depends on the distance between the peat bog and the mainland. The sulfur content in coal mainly
depends on the sea water influence acting on the peat, while the coal is forming.

Temperature plays a very important role in the metamorphism, which causes different ranked
coals from lignite, sub-bituminous coal, bituminous coal, and anthracite to natural graphite. In
China, from north to south, there are three huge metamorphic zones. In these zones, about
twenty metamorphic centers exist and around each center there are rings of different ranked coal .
Generally speaking, in China the coal becomes higher-ranking from north to south, and from
central to east and west. In the coastal areas of the mainland such as in the east part of Shandong,
Fujian and Guangdong, most coal reserves are lignite and anthracite, the latter formed by the
effect of heat from active igneous rock in these areas. All ranks of coal exist in China, from low
rank lignite to high rank anthracite, but in different amounts. According to recent statistics, in the
expected reserves the lignite is 2.7 percent, subbituminous coal is 54.1 percent, bituminous is 26.8
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percent and the anthracite is about 9.3 percent. Only 18.7 percent of Chinese coal reserves are
less than 600 m in depth, so underground mining predominates. The open cast process could only
be used in a few coal mines.

The coalification conditions made the ash content of Chinese coal relatively high. The average
ash content in ROM (run of mine) coal is more than 25 percent, and most of them are high sulfur
and hard-to-wash coals. The average sulfur content of Chinese coal in 1995 is 0.77 percent.
Although most Chinese high-sulfur coal are produced in the south, but the sulfur levels in coals
from the north are getting higher since the coal mines are developing deeper underground. The
average sulfur content of some northern coal mines in different seams are listed in Table 1. From
these data, it is clear that in the top seams the sulfur content is less than 1 pércent, low sulfur coal,
but in the bottom seams most of them are between 2-4 percent, high sulfur coal. The reality is
that desulfurization process development for Chinese coal utilization will become more and more
important in the future.

Table 1. the average sulfur content of some coal mines in different seams

Mine JZ.  SGJ. ATB XV(XZ) ZL. NT. QJY.(KR)
top seams 034% 0.26% 0.51% 0.55% 0.81% 0.66% 0.57%
bottom seams  3.09% 3.28% 2.57% 4.1% 2.79% 3.17% 1.67%

The Position of Coal in Energy Mix of China

Coal reserves constitute 90 percent of total fossil energy reserves in China. Oil and natural gas
reserves are relatively small. In order to meet the demands for energy as the national economy
experiences rapid growth, the proportion of coal in the energy mix will not change in the next 30-
50 years. The proportion of coal in primary énergy production will remain at the level of 70
percent. Table 2 lists data on the total energy output and the proportion of coal in the total
energy mix (1949 to 1994). From the data, the coal was in the dominant position and it will
remain so in the coming years as well.




Table 2. Primary Energy Output (PEO) and Percentage of Raw Coal

Year Total PEO  Percentage of raw coal Year Total PEO  Percentage of raw coal
(Mtce) (Mtce)
1949 23.74 96.3 1950 31.74 96.7
1955 72.95 95.9 1960 296.37 95.6
1965 188.24 88.0 1970 309.90 81.6
1975 487.54 70.6 1980 637.35 694
1985 855.46 72.8 1990 1039.22 74.2
1991  1048.44 742 1992  1072.56 743
1993  1112.63 73.8 1994  1120.20 77.3

The dominant role of coal in the energy mix is also reflected by the extensive use of coal in every
sector of the national economy. In the power industry, the thermal power output is 80 percent, of
which 75 percent is coal-fired. Coal consumption in power generation is 30 percent of annual
coal output. In the other industry sectors, about 75 percent of energy used as fuel and power is
from coal, representing 33 percent of the annual coal output. Sixty percent of the raw material of
chemical fertilizer is from coal. About 80 percent of domestic fuel is coal, representing 20 percent

of China’s annual coal output. Coal used in the metallurgical industry is 8 percent of the annual
coal output, mainly used in coking and power supply.

Because of the abundant coal reserves and huge coal output, the coal-based industries which use
coal as fuel or raw material show higher reliability and stability. For example, in the chemical
fertilizer industry, in the 1970s, China imported some large ammonia plants which use natural gas
as feedstock. The lack of natural gas was the first problem these plants suffered; in recent years,
the price of the natural gas has been getting higher and higher, so in order to remain economical,
these plants have to change to the use of coal in the future. On the contrary, the coal-based
ammonia plants are developing fast, as lots of Texaco gasifiers, which use coal slurry as
feedstock, were built up and more coal gasifiers will be erected in China as well.

The Existing Problems in Chinese Coal Production and Utilization

Coal is one of the solid forms of fossil energy, and the ash content of Chinese coal is relatively
higher, while its sulfur content becomes higher as the coal mines get deeper. In the production




and utilization of coal, the impacts on environment are serious because of the huge coal output
and coal consumption.

During the Coal Production

Land surface subsidence after coal mining and solid waste deposit, such as refuse; coal mine waste
water, and gas released from coal mining cause severe environmental problems. As mentioned
above, the coal reserves are deep underground, so 96 percent of the mines in China are
underground mines. Statistically, surface subsidence has damaged 0.2 hectares (ha) of cultivable
land for every million tons (Mt) of raw coal produced. Up to the end of 1990, the total cultivable
land damaged reached 300,000 ha. This equates to an area equivalent to the share of arable land
of 3,750,000 people. (The equivalent arable land for each person is 0.08 ha, or 1.2 mu (mu=0.2
acre)). It is expected that by the year 2000 the amount of damaged land will reach 0.5 Mha. The
refuse accumulated is 3.0 Gt, occupying 12 kha of cultivable land, and the annual increase will be
130 Mt. The spontaneous combustion of refuse would cause air pollution as well. Annual waste
water from underground mining is 1.75 Gt, some of which is not yet well treated. The coal seam
methane released during coal mining is 6.0 Gm® annually. Not only does it waste water and fuel
gas, but it is also harmful to the environment.

Problems Arising from Coal Preparation and Utilization are as Follows:

a) Only about 23 percent of Chinese coal is washed, and of the coal used for power
generation only 11.28 percent is washed. And since the mines are mainly located in North and
West China, coal transportation will be toward the South and East, where probléms will be
created by the refuse from washing in additional to the energy expended in shipping the refuse in
the unwashed coal High ash content in coal always causes reduced coal utilization efficiency.

b) The coal briquetting and coal seam methane utilization in China have been developed in
recent years, but most coal seam methane is still not being used, as coal seam methane utilization
technologies are not yet mature. More research & development work needs to be done.

c) Compared with advanced countries, the utilization efficiency of Chinese coal is still low.
For example, the average thermal efficiency of industrial furnaces is 10 percent lower; industrial
boilers, 15-20 percent lower; and the national average thermal efficiency of coal-fired power
plants is only about 30 percent. Specific coal consumption is 30 percent higher than that in
developed countries.




d) More attention has been paid to the control of environmental pollution caused by burning
coal. Dust removal of coal-fired power plants is the most successful. The articulates removal
efficiency reached 93.9 percent in 1990, when 90 percent of the power plants reached the TSP
emission control standard. But there is almost no control of SO, emissions. About 90 percent of
the SO, is from burning coal, and about 70 percent of the particulates is from coal combustion. In
1992, this amounted to 14.72 Mt and 9.9 Mt respectively. Several years ago, a UN report listed
10 cities with the highest airborne SO,. Three of the listed cities are in China: Shenyang, Xi’an
and Beijing are listed in second, 7th and 8th position, respectively.

In summary, coal is China’s primary source of energy, and this is not expected to change over the
next 30 to 50 years. Burning coal and the production of coal have themselves already caused
serious environmental problems. In order to pursue further development, China has taken the
development and adoption of clean coal technologies as an important national policy to ensure
parallel progress in the development of energy and protection of the environment.

The Clean Coal Technologies (CCT) in China

The clean coal technologies include many areas and run through the entire process from

production and transportation, through preparation and coal utilization. In coal production, the

environmental protection technologies include the utilization of refuse, mining waste water, and
coal seam methane, and protection against land surface subsidence, and comprehensively deal
with the effects of existing subsidence. In coal preparation, there are coal preparation process
development, the treatment and utilization of by-products from coal preparation plants, such as
the tailings coal slime and so on, coal drying, briquetting and grinding, coal slurry preparation and
application technologies; In coal utilization, there are different combustion technologies, gas
clean-up technologies, coal conversion technologies, such as gasification, pyrolysis (coking and
mild gasification) and liquefaction, non-fuel specific utilization technology and so on. China is
one of the few countries in the world using coal as its main energy resource, with the exception of
South Africa and India, so the development of clean coal technologies has been pursued over past
decades. Many relevant Ministries and local organizations have done their best to develop clean
coal technologies. In China, the Research Institutes and Universities are doing numerous coal
projects directed toward development of clean coal technology. There are large numbers of
experienced experts and a lot of clear: coal programs have been done, are in progress and will be
done. Some of the results of research progress have been used in industry as well.




The Development and Current Status of Chinese CCT
Coal Preparation.and Washing

The different coal washing processes, such as dry washing, wet washing and magnetic separation
have been used in coal preparation for many years and continue to be used. Some coal washing
processes have already been used in commercial-scale coal preparation plants. For instance, in
1994 China built up two coal preparation plants using the heavy medium process. The capacity of
these plants were 8 Mt/a and 15 Mt/a. About 80 percent of the Chinese coal are classified as
hard-washing coals, so the new, so-called flotation and heavy-medium processes are being used in
coal preparation more often in recent years. The current status of Chinese coal preparation plants
is shown in table 3.

Table 3. The comparison of different coal preparation processes

Year  Jigging process flotation process heavy medium process  the others

1978 -70% 14% -14% 2%
1985 -59% 16% 23%
1994 -58% 17% 24%

Briquetting of coal fines prior to burning reduces the pollution from particulates and smoke by 60
percent to 90 percent as compared with direct burning, and saves 20 percent of the coal. In
China, coal briquetting technology has been under development for long time and a lot of
briquetting binders have been developed, including organic, inorganic and mixtures, etc. For
some coals, no binder agglomerating process is feasible since there is some clay in the coal ash.
These technologies have been used in both industrial and domestic briquette production for many
years. Now the North-East Asia UN program has introduced Chinese briquetting technology and
stoves to some other Asian countries. The mechanization of mining has increased the proportion
of fines in raw coal. In most coal mines the fine coal rate is 70 percent. But in China most
medium- and small-size boilers utilize layered burning, and most gasifiers are moving bed
gasifiers, both of them using sized coal which aggravates the coal fines problem and further
promotes the development of coal briquetting technology, leading to even more experiences in
briquetting technology and briquette application.

In China many studies on coal slurry preparation and application were finished in recent years, and
now there are 6 coal slurry plants and 2 additive plants in operation. Also, some coal slurry
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application demo-programs are on going. The Texaco coal gasification process, which uses coal
slurry as feed stock have been put into operation for years in Lunan (Shandong Province) and
Shanghai. Some fertilizer plants using the Texaco process will be put into operation in the near
future. '

Coal Combustion

In China, 80 percent of coal produced was used in direct combustion. The high efficiency
pulverized coal boiler is used in large capacity (over 300 MW) power plants. Most medium and
small size boilers utilize layered combustion. The efficiency of these type boilers is 60 to 70
percent. The bubbling fluidized bed boilers (BFBB), which are able to use low heating value coal
and coal wastes, was developed in the early 1960s (before the cultural revolution). Now the
BFBB is a series, with different capacities. In recent years, the circulating fluidized bed boilers
(CFBB) are being developed very fast since the CFBB features higher thermal efficiency and
higher in-bed desulfurization efficiency. Twenty more CFBB manufacturers produced more than
300 CFBB unit with different capacities (less than 130 t/h of steam). After a long period of
research and development, the pilot power plant (15 MW) using pressurized fluidized bed
combustion (PFBC) technology has been built in Jiawan, Jiangsu Province, by South-East China
University, etc.

Coal Conversion Technologies
(1) Coal Gasification:

Coal gasification often is the first step for some clean coal technologies. Synthesis gas production
for ammonia and methanol, raw gas production for indirect liquefaction via the modified |
Fischer-Tropsch synthesis (MFT), integrated coal gasification combined cycle (IGCC) and fuel
cell (FC) for power production — all of these clean coal technologies require coal gasification to
convert the coal to gas as the first step. Even the second generation pressurized fluidized bed
combustion combined cycle (PFBC-CC) can be considered as a combination of coal gasification
(mild gasification) and coal combustion. Although in China the moving bed gasifier is in the
dominant position, many research projects of the advanced gasifier, such as pressurized slagging
gasifier, ash agglomerating fluidized bed gasifier, molten bath gasifier with two chambers and
single shift, vortex flow entrained bed gasifier, down flow entrained bed wet feeding gasifier
(similar to the original version of Texaco), countercurrent-flow, entrained bed, dry-feeding
gasifier (similar to Koppers-Totzek gasifier) etc., were tested in pilot scale facilities in the early
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1960s, of which the ash agglomerating fluidized bed gasifier, the down flow slurry-feeding gasifier
and the pressurized gasifier are the most successful.

Underground coal gasification with large-section, long-passageway, two-stage process got some
good test results. It could be used in “worked-out” coal mines to recover the remaining coal.

The back-run gas producer, widely used in China in recent years, cracks out the high molecular
weight hydrocarbon pollutants such as coal tar, gas liquid, etc., making the gas plant itself cleaner.

(2) Coal Liquefaction:

There are two direct liquefaction processes with promise: two stage hydrogenation and co-
processing. General speaking, the conversion rate of direct liquefaction is about 50 percent, i.e.,
one ton of product requires 4 tons of raw coal feed. China is planning to build a direct
liquefaction demo-plant in the near future. Direct liquefaction is suitable for low-rank bituminous
coal or lignite. The conversion rate is higher with coals of lower ash content.

The keys to indirect coal liquefaction are coal gasification efficiency and the Fischer-Tropsch
(F-T) process catalyst. Newly-developed catalysts generate higher oil recover rates. Following a
test run in a 100 t/a capacity pilot facility, the 2,000 t/a demo-plant is in a performance test run.

(3) Coal Carbonization:

In China, most town gas is produced in the coal coking chemical works using the conventional
coal carbonization process, i.e., a coke oven. The main product is coke, with by-products
benzene, tar, gas, etc., also produced. Many new processes have been developed in these plants
for the preparation of high value products in recent years. For low-temperature carbonization —
so-called “mild gasification” — there are two processes in China: one is the Multistage Rotary
Furnace (MRF), which uses indirect heating; the other is fast pyrolysis using direct heating by
mixing with the solid heat-carrier (char or ash). The demo-plants of both processes were built in
Hailaer and Pingzhuang, Inner-Mongolia Autonomous Region several years ago. The low-
temperature carbonization process can also be used in the second generation PFBC-CC and
CFBC based tri-generation (heat, electricity, and gas) process as well. The main problem for
these processes is economics. The keys are to find proper uses for the main product — char, and
the marketing of the products.
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(4) Gas and Flue Gas Clean-Up:

Conventional low-temperature or atmospheric temperature gas cleaning technologies have been
extensively used in Chinese chemical plants and town-gas plants for many years and some of them
have been modified. The advanced hot gas clean-up (HGCU) processes have been under
development in recent years. Under the support of State Science and Technology Commission,
SSTC, and United Nations Development Program (UNDP), coordinated with IGCC and PFBC-
CC development, Chinese HGCU projects are going smoothly. It is clear that these projects are
of importance to increase the efficiency of the PFBC-CC and the wet-feeding gasification (such as
Texaco and Destec IGCC) processes.

The Main Gap in CCT Between China and Advanced Countries

China is the largest coal producing country in the world, and also the largest coal consumer in the
world. The leaders, from central government to the local level, all devote much attention to CCT
development. Especially in recent years, the central government started with environmental
legislation, strengthening international cooperation extensively with the advanced countries to
develop clean coal technologies. But China is still a developing country, and its economic
maturity is limited, so there is some gap between China and the developed countries. The main
gap of CCT is that, in China, some areas of CCT are just in the beginning stages (pilot test or
small scale unit), such as the PFBC-CC, IGCC, CFBC, etc., while in the advanced countries
commercial demo-plants already been in operation for years and, as a result, some technologies
are now commercially available products. For example, the circulating fluidized bed boilers
(CEFBB): in China the largest boiler steam capacity is only 220 tons per hour (t/h), but in the
advanced countries the largest capacity is 700 t/h; the pressurized fluidized bed combustion
combined cycle power generation technology in China is in the test stage with a 15 MW unit,
when in Sweden, ABB finished a long time operation test of the P200 Project (75 MW) and now
has turned to demonstration of a 350 MW unit. In the integrated coal gasification combined cycle
power generation, 250 MW demo-Plants have been in operation for years in The Netherlands (at
Bugganum) and the United States (at Wabash River power station No. 1, in Indiana), but in China
these are at the discussion stage for 200 or 400 MW demo-plant technical pre-feasibility studies.
In coal gasification process development, in The Netherlands the Shell dry-feed gasifier with coal
capacity of 2,000 to 3,000 tons per day (t/d) has been successfully operating for years, in China
the imported largest Texaco slurry-feed gasifier is 500 t/d of coal feed only. Efficiency of the
Texaco coal gasification system in the Lunan fertilizer plant is only 69 percent, but the Shell in
Bugganum reached more than 83 percent. In coal liquefaction, the indirect coal liquefaction used
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in production over years the capacity is very large, while in China is in the scale of 2,000 tons per
year (t/a). So, generally speaking, the main gaps of CCT between China and the advanced
countries are: the scale of the CCT unit, the maturity of the technology, and the availability of the
equipment. The gap exists and the reasons for it are the late start for environmental legislation in
China and the required increase in investment for CCT development.

Some Views and Suggestions on Chinese CCT Development

China is a developing country with large reserves of coal and relatively less reserves of natural gas
and crude oil. Objective reality decided that, in the coming decades in China coal will have to be
used as the main resource of energy. The socialist political system, as an important member of the
globe, decided that, while speeding up social development, China must pay more attention to the
environment in which we live. QObviously, in the next several decades, the development of CCT
should be considered as one of the important national policies, as well as focus on strengthen coal
cleaning, developing coal briquettes and then development of the high efficiency, low pollution,
low cost coal conversion technologies, that is, the high efficiency, economically practical clean
coal technologies (CCT) with Chinese features.

The characteristics of coals in China are variable: ranks range from lignite to bituminous coal and
anthracite, and properties such as ash content, ash properties, sulfur content, and the type of
sulfur are quite different from one to another. But the clean coal technology itself always has
some limitation during application, so to develop suitable CCT applications, the coal which will be
used and the end use of the technology must be considered, that is “suit measures to local
conditions.” For example, if the coal has high ash content then the fluidized bed processes, such
as the CFBC boiler or circulating fluidized bed gasifier (CFBG) are better; for advanced power
production the PFBC-CC is the better choice; if the coal has low ash and high sulfur and the
power station is located in an area lacking adequate water, then the IGCC will be the best choice;
for coal liquefaction where the coal is high rank anthracite the indirect processes is a suitable way,
and if the coal is low ash and low-ranked, then direct coal liquefaction would produce better
efficiency; if the end use of the gas is for ammonia synthesis, then the entrained flow, high
temperature, slagging gasifier would produce gas with very low methane, which is the ideal
situation for ammonia synthesis

When the clean coal technologies get to be extensively used, the CCT development teams should
share out the work and cooperate with one another, and also make the key points stand out. The
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CCT development effort ought to focus on the major coal users, pay close attention to the key
technologies, and make every effort to popularize the mature technologies. For some long-term
strategic CCT projects such as direct liquefaction, and fuel cells, etc., some basic research work
needs to be continued. '

Some Views and Suggestions:

1. Because of the coal reserves and output, its dominant position in the energy sector will not
change in the coming 30 to 50 years. The practical situation is that the Chinese coal has
high ash content and its sulfur content will be rising as the coal mines deepen. For these
reasons CCT development in China is of significance.

2. After several decades of effort toward CCT development, some areas of CCT have gotten
extensive application in China. Some new clean coal technologies had a very good
beginning, but now the gap in CCT development still exists between China and the more
advanced countries, mainly because of the limited available scale and technical maturity of
CCT.

3. The distribution of Chinese coal according to types and amount is not uniform. The
industrialized east and southeast parts, which are home to the main coal consumers, have
only a few coal mines producing mainly high rank coal; in the underdeveloped north and
northwest parts, on the other hand, where the weather is very dry and water is scarce,
large amounts of coal are produced. Certainly coal transportation has to be by long
distance “from west to east” and “from north to south.” In order to address this situation,
strengthening coal preparation assets is necessary, and to use the coal near the mines
would reduce coal transportation. It will be preferable to export the coal-derived products
such as coke, gas, oils, tar, and electricity etc., instead of exporting coal from the coal
mining area. For the selection of a preparation technology, water saving is the first
consideration.

4 Because of the situation of Chinese coal with its variant types, performances and extensive
use in many industries and trades, the Chinese CCT development needs to follow “suit
measures to local conditions,” i.e., to select the best technology according to the coal and
the end use of the coal derived products.
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It is suggested that in order to speed up the development of China’s CCT, we should
strengthen international cooperation. In some areas, we can import the best mature
technology from the more advanced countries. To develop CCT we ought to share the
work and cooperate with one another, emphasize focus on the main coal user, key
technologies and mature technologies.
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Figure 1 Distribution of China’s Coal Resources

1 — Sanjian Muling area; 2 — Northern Liaoning; 3 — Hun River area; 4 — Liao River and Taizi
River areas; 5 — Western Liaoning; 6 —Beijing Tangshan area; 7 — Eastern Inner Aut Region;

8 — Erdousi Coal Field; 9 — Daning Coal Field; 10 — Qinshui Coal Field; 11 — Eastern Foot of the
Taihangshan Mountains; 12 — Western Henan Province; 13 — Jiangsu Shandong Henan and Anhui
Provinces; 14 — Zhejiang Jiangsu and South Anhui area; 15 — Southeastern Hubei Province;

16 — Hunan Jiangxi and Guangdong Provinces; 17 — Fujian and Guangdong Provinces;

18 — Central Guangxi Zhuang Aut Region, 19 — Guizhou Yunnan and Sichuan Provinces;

20 — Huayingshan Mountain area; 21 — Central Yunnan Province; 22 — Hexi Corridor area;

23 — Datong River area; 24 — Chaibei area; 25 — Tulufan Hami Coal Field; 26 — Zhungeer Coal
Field; 27 - Yili area; 28 — Northern Fringe to Talimu; 29 — Northern Tibet Aut Region.
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Abstract

Integrated Coal Gasification Combined Cycle (IGCC) is the cleanest, most efficient and most
mature among currently available clean coal power generation technologies. It is also an
affordable technology for China. To strengthen the safety and diversity of energy supply, industri-
alized nations continue investing personnel and material resources to develop and improve IGCC.
To realize the strategic goal of sustainable development, China has to accelerate the demon-
stration and development of IGCC based on Chinese energy reserves and the reality that, in

China, the price ratio of o0il and natural gas to coal is higher than that in industrialized nations.
IGCC is a unique clean coal high technology in that it must be largely utilized .and developed
specifically for the nation in which it is to be used, and then carried forward by the nation.

Capacity and Power Generation in China

‘The Chinese electricity industry has made great progress since economic reformation and the
opening of Chinese society. China’s installed generating capacity was only 65,870 MW and
annual power generation only 300.6 billion kWh in 1980. Installed capacity had risen to
210,000 MW and annual power generation 900 billion kWh at the end of 1995. Installation of
new capacity will be at the rate of about 16,000 MW per year during “the ninth 5 years plan” from
the year 1996 to 2000. At the end of the year 2000, the installed capacity is expected to be
290,000 MW and annual power generation 1,400 billion kWh. Both indices for the year 2000 will
represent four times those for the year 1980.

Coal is the most plentiful among the verified primary energy reserves in China. Chinese power
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generaiion is fueled mainly by coal. Coal-firing accounts for the greatest proportion of Chinese-
power generation. Hydropower is second behind coal. Table 1 describes Chinese installed

capacity, quantity of power generation and the proportion of thermal power and hydropower from

the year 1980 to 1992, From the year 1992, thermal power takes about 75 percent of total
installed capacity and hydroelectricity about 25 percent. As concerns annual power generation,
thermal power takes a greater proportion, about 80 percent, and hydroelectricity about 20

-percent. It is predicted that thermal power will take an even slightly large proportion in the longer

term, for example, before year 2020. To the end of the year 2000, the installed capacity of
thermal power and hydropower is estimated at 220,000 MW and 70,000 MW respectively; and
the annual generation capacities of thermal power and hydropower are estimated to be

1,120 billion kWh and 280 billion kWh respectively.

Table 1. Installed Capacity and Power Generation

from 1980 to 1992

" Installed Capacity Power Generation

“Year Total Hydro Thermal Total Hydro Thermal
MW - % % TWh % %

1980 65869.1 - 30.8 69.2 -300.6 19.4 80.6 _h

1981 - 69132.6 31.7 68.3 309.3 21.2 78.8

1982 72359.6 31.7 68.3 327.7 22.7 77.3

1983 76444.9 31.6 68.4 3514 24.6 75.4

1984 80116.9 31.9 68.1 377.0 23.0 77.0

1985 87053.2 30.3 69.7 410.7 22.5 77.5

1986 93818.5 29.4 70.6 449.6 21.0 79.0

1987 102897.0 29.3 70.7 497.3 20.2 79.8

1988 115497.1 28.3 71.7 545.1 20.0 80.0

1989 126638.6 27.0 73.0 584.7 20.2 79.8 fi

1990 137890.0 26.1 73.9 621.3 20.2 79.8

1991 151473.1 25.0 75.0 677.5 18.4 81.6

1992 166532.4 244 75.6 754.2 17.4 82.6




Among the current thermal power capacity, there are about 30 oil- or natural gas-fired
combustion turbines, whose installed combined cycle capacity is 1,500 MW. Since the nuclear
and new energy power generation accounts for such a very small proportion of thermal power,
about 1 percent the above mentioned “Thermal Power” is, essentially, thermal power fueled by
coal.

Based on a study of energy strategy in China, the installed capacity of coal-fired power generation
in the years 2010, 2020 and 2050 will be 369 GW, 500 GW and 820 GW, respectively; from the
perspectives of peak-load requirements and environmental considerations, oil- and natural gas-
fired power will occupy a certain proportion, the installed capacity for the years 2010, 2020 and
2050 being 45 GW, 75 GW and 150 GW, respectively.

Coal Consumption and SO, Emission in Coal-Fired Power Generation

The current average efficiency of Chinese coal-fired power generation is about 30 percent, that is,
the busbar fuel consumption rate is 410 g/lkWh. During “the ninth 5 years plan,” new units will
utilize those technologies with high parameters, high efficiency and capacity over 300 MW per
unit. This will improve the overall efficiency and busbar fuel consumption rate to 32 percent and
380 g/kWh, respectively, by the end of the year 2000.

Based on the estimates, coal-fired power generation consumes about 0.325 billion tons of
standard coal for the year 1995 and will consume about 0.43 billion tons in the year 2000. By the
end of the year 2000, the annual SO, emission will be about 6.25 Mton if no means are carried out
for desulfurization. SO, emission from coal-fired power generation plants is very serious, and will
have serious effects on today’s population and on their descendants.

Clean and Efficient Coal-Fired Power Generation

China is actively promoting effective means to reduce SO, emissions from coal-fired power
generation plants. To enhance the development and acceptance of flue gas desulfurization for
conventional PC units, actions include:

L Nuohuang Power Plant in Conggqing utilizes wet flue gas scrubbing.

° Huangdao Power Plant in Sandong and Taiyuan Power Plant in Sanxi are to install
simple flue gas desulfurization equipment. ’
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Xiaguan Power Plant in Nanjing will utilize Finland’s Lifac desulfurization.

A lot of power plants are actively pursuing suitable desulfurization technologies and will utilize
some technology in practical engineering.

Clean coal is the future of Chinese energy. In keeping with national energy reserves,

technological and economic development, and the worldwide energy situation, the energy
configuration with coal as the dominant energy will remain unchanged to the mid-21st century. It
will still be impossible to reduce coal consumption at that time. The crude utilization of a large
amount of coal has seriously damaged the resource and environmental bases for sustainable
development. The unique opportunity is to develop clean coal technology to reduce emissions and
improve efficiency and economic effectiveness. China is actively researching and developing clean
coal power generation technologies:

Develop and utilize the CFBC technology. A 100 MW CFBC has been installed and
200 MW and 300 MW CFBC units are being vigorously developed.

Study and develop PFBC technology. The first pilot unit in China started construction
at Xuzhou in the autumn of 1994.

Strive for the establishment of the first 200 MW to 400 MW IGCC demonstration
power plant in China around the year 2000. This will constitute a necessary basis for
the popularization and utilization of IGCC technology at the beginning of the next
century for China.

IGCC is the preférred technology, based upon research, developmient and demonstration of

various kinds of clean coal technologies over all the world. The following are the features of
IGCC:

IGCC is the most mature of the emerging technologies. Two 250 MW commercial
demonstration plants have been constructed, and another two 250-300 MW
commercial demonstration plants are being constructed, and will be finished and ready
to operate this year. IGCC is the most mature and largest in capacity among the above
three kinds of clean coal technologies.




° IGCC is the most efficient. The constructed 250 MW IGCC plant in the Netherlands
achieves the efficiency of 43 percent (LHV). The 300 MW unit under construction in
Spain will be at 45 percent (LHV), which is the most efficient coal-fired unit to date.

L IGCC is affordable. It is predicted by METC of DOE, as shown in table 2, that IGCC
plants constructed during the years 1995 to 2000 will feature 45 percent LHV effi-
ciency with $1,200/kW capital investment. The initial investment for IGCC will be
lower by 20 perc'ent than that for the conventional pulverized coal plant (PC).

° IGCC is the cleanest. IGCC is acknowledged to be the cleanest coal-fueled power
generation technology available today. It is very environmentally-friendly.
Desulfurization can achieve 99 percent, and DeNO,, 90 percent. CO, emission is
reduced 30 percent. Therefore, the utilization of IGCC technology will be helpful for
the health and 'quality of life for the current population and their descendants.

Table 2. IGCC Technology Assessed by METC

Compared
IGCC Efficiency Investment with PC (%)
(Generation) Duration (%) (8/kW)
the 1st - 1985-1994 32-42 3,000-1,500 Higher 15
the 2nd 1995-2000 45 1,200 Lower 20
the 3rd 2000-2010 52 1,050 Lower 25

Primary Assessment on Technology and Economic Aspects of IGCC Development

Energy efficiency and saving are the most effective and economical ways to realize a sustainable
development strategy. To create a sustainable power generation system, China places great hopes
on IGCC. To establish an IGCC demonstration plant in the nation as soon as possible, some
problems do exist and require solutions. The following assessment is just the author’s opinion,
upon which comments are welcome.

Assessment on the Technology-Maturity of IGCC
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Could it be concluded that the IGCC is a mature technology just from the several constructed and
constructing IGCC demonstration plants? For example, the so-often-mentioned hot gas cleanup
(HGCU) system is not mature. How could IGCC be said to be mature when even the dust
removal and desulfurization technologies are not mature?

The HGCU is not mature currently, but that does not necessarily mean that IGCC itself is not
mature. The above-mentioned IGCC with high efficiency, 43-45 percent (LHV), doesn’t use
HGCU. If the HGCU technology becomes mature in the future, IGCC will achieve much higher
efficiency. High temperature cleanup is a technology that adds flowers to the brocade for IGCC.
It is not the case that PFBC must depend upon the success of the HGCU.

In fact, the current IGCC plant is integrated by two kinds of technologies. The first is the gas-
steam combined cycle technology; thousands of units based on such technology are operating
successfully all over the world including China. The other is coal gasification and purification
technology with hundreds of such units also in successful operation throughout the world, again
including China. The current IGCC using an entrained gasification process is mainly the
integration of the previous two kinds of technologies, and does not require other innovative tech-
nologies except for the necessary control systems and auxiliary equipment. Therefore, if China
chooses this kind of IGCC, no great risk in technology exists, and China can benefit from both
foreign and domestic experience. Domestic experience includes combined cycle operations in

power plants and entrained gasification and low temperature cleanup facilities in chemical
industries. It is concluded that IGCC is potentially the most mature and the least risky technology
among the clean coal technologies in China.

Assessment on Investment Cost of IGCC

Is it possible that the investment cost of IGCC during the year 1995 to 2000 will be $1,200/kW
and lower 20 percent than PC as shown by METC?

The prediction by METC can be believed:

] The prediction by METC of IGCC cost during the years 1985 to 1994 is consistent
with the following practices. So, there are reasons for believing METC’s prediction of
IGCC costs during the years 1995 to 2000. For example, the Wabash River 262 MW
IGCC repowering demonstration plant, constructed in 1995, features an installed cost
of $1,511/kW and efficiency of 40 percent LHV. This is reduced to $1,366/kW if the
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$52 M allocated for the three years’ demonstration is deducted. The cost of Tampa
Electric’s 260 MW IGCC demonstration plant constructed this year is $1,460/kW with
42 percent of efficiency (LHV). The cost of engineering for the above two is even
lower than the METC prediction.

° Some European Union (EU) experts also. hold opinions similar to those of METC. The
cost of IGCC is very close to that of PC+FGD currently, and will be more competitive
in the future due to the great potential to reduce cost”. Investment cost, higher than
that of USA, of the IGCC plants both under construction and those already completed
are mainly the result of their being first or early demonstration, especially in the case of
gasification. As the case in USA, the investment cost of IGCC in the EU will be
greatly reduced following the first demonstration. IGCC has greater potentiality than
PC for future reduction of investment cost.

Capital cost is an issue that will greatly influence the speed at which China adopts IGCC. Though
IGCC is the cleanest most efficient technology, it will not be widely utilized if it is not affordable -
for China. The driving force toward IGCC applications only exists when the investment cost for
IGCC is comparable to, or not much higher than that for PC. When will this situation come?
China has no experience building and/or operating IGCC facilities in China but there is plenty of
experience abroad with IGCC and market economics. The results from abroad should be
believed. Progress and trends abroad are very important. If the investment cost of IGCC abroad
reaches a level that is comparable to, or not much higher than PC, it will be appropriate for China
to establish a demonstration plant as soon as possible. Of course, the first demonstration will be
high in cost. What is the most important is that the nation will dissipate its energy resources if we
do not actively develop and utilize improved technology such as IGCC when its capital cost
becomes comparable to, and even lower than, PC in the near future.

Assessment on Effects of Dry and Wet Fuel Feed on IGCC Efficiency

In China, it is agreed that the efficiency of IGCC fueled by dry coal can reach 43-45 percent
(LHV). There are different opinions whether the efficiency of IGCC fueled by coal slurry can
reach 42 percent (LHV). For example, some believe that IGCC with coal slurry feed can reach a
maximum of 36 percent LHV after improvements to the Coolwater IGCC design which operated

at 32 percent LHV.

Because the efficiency influences the choice of technology, and even the decision, it is necessary
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to conduct thorough studies of the proposed technology given that, even after a great deal of
debate, there exists no consensus concerning IGCC in China. Domestic experts utilized
achievements in the analysis and synthesis of energy systems to integrate an IGCC generation
system in 1994. This research concluded that the IGCC, fueled by coal slurry, does reach 42
percent LHV. This result was later verified by the IGCC observation group organized by State
Science and Technology Commission (SSTC) and Ministry of Electric Power. After HGCU is
mature in the future, the efficiency difference between dry coal- and coal slurry-fueled IGCC will
reduce from the current one percentage point to 0.5 percent point. To date, all agree that both
dry and wet fueling methods can reach high efficiency levels. |

If China is to develop IGCC technology, one or several demonstration plants should be
constructed first utilizing the IGCC technology that is mature abroad. It is not a fundamental
issue whether dry coal or coal slurry fueled IGCC should be constructed first. The efficiency of
coal slurry fueled IGCC may be lower, but not much lower, and its investment cost may also be
lower. It is suitable for regions where the price of coal is low. The efficiency of dry coal fueled
IGCC is higher, and it is suitable for the region where the price of coal is high. It can be predicted
that no one kind of process has the market all to itself, either in China or abroad. As for
gasification, both the fluidized bed and moving bed technologies will be utilized gradually after the
utilization of entrained bed. All IGCC technologies with different gasification processes,

including other clean coal technologies, that feature 45 percent LHV efficiency, reasonable cost
and excellent environmental qualities, have the potential to contribute to the development of
Chinese electricity production aslong as China still relies largely upon coal to fuel its power
plants, both in the near, and distant future

Assessment on Slow Applications of IGCC

If IGCC power generation technology features such high efficiency and low cost, why is it not
being applied quickly? The Cool Water demonstration plant finished its successful demonstration
in 1989. Seven years have gone by since 1989. To the end of this year, there is a total of only
four 300 MW of scaled IGCC plants constructed over all of the world. So, some ask what are the
criteria for application of IGCC technology in China when it has not been widely adopted in the
rest of the world.

Some domestic experts inferred that IGCC is not widely used abroad because the actual low

efficiency (32 percent, LHV) of the Coolwater demonstration plant broke the good reputation of
IGCC, even though it was the cleanest coal-fired plant in the world at that time. The answer is
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not so simple. The DEMKOLEC power plant in the Netherlands has achieved a net efficiency of
43 percent (LHV). Why, then is it not heard that a second IGCC plant will be built in the
Netherlands? On the contrary, the Netherlands will establish 1,700 MW of natural gas-fired,
combined cycle during the years 1995 to 1996, So, there are other important reasons why
IGCC is not being used widely abroad.

A lot of experts abroad think that the relatively low price ratio of natural gas (including oil) to
coal is the main reason why IGCC is not being widely used abroad. Such an opinion is consistent
with the current practical situation. While natural gas-fueled, combined cycle features low
investment cost and low operating costs with natural gas, IGCC is not competitive with it, and
neither is Conventional PC with FGD. In recent years, the number of constructed IGCC and PC
plants are few compared with natural gas-fired combined cycles (NGCC).

Table 3 gives some facts verifying the above opinion. Considering the data of ref. 6, the price
ratio of natural gas (NG) to coal is 2.65/1.5=1.77 in the United States. For IGCC to be com-
petitive with NGCC, the price ratio between natural gas and coal must increase to 3.3.

Otherwise, there will be no economic incentive to build IGCC plants. Recently, IGCC investment
cost has reduced to $1,400/kW while efficiency has increased to 42 percent LHV. But, the price
of natural gas also has been coming down. So, some experts think a price ratio of 4.0 is the
necessary market condition for the wide application of IGCC™.

Table 3. Cost Comparison among IGCC, NGCC and PC

Data® Téchnology NGCC IGCC PC
Investment ($/kW) 680 1,700 1,650
Efficiency (%, HHV) 47.50 37.95 3545
Fuel NG Coal Coal
Fuel price ! ($/10° Btu) 2.65 1.5 1.5
Derived Data Fuel price 0.105 0.041 0.041
$/Nm’ $/keg $/kg
Fuel consumption 0.181 0.322 0.345
Nm*kWh kg/kWh kg/kWh
Fuel cost ($/kWh) 0.0190 0.0132 0.0141
Depreciation ($/kWh) 0.0146 0.0364 0.0354
Electricity Cost® ($/kWh) 0.0336 0.0496 0.0495
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Notes:

1. According primary operating data,
NG price/Coal price=2.65/1.5=1.77

2. Depreciation rate=15%, Operation time=7000 h/y

3. Electricity cost=fuel cost + Depreciation cost

4. If electricity cost of NGCC equals that of IGCC, the price of NG should be
$0.193/Nm’, i.e., 5/10° Btu

5. The necessary condition that IGCC is competitive with NGCC is: NG
price/Coal price=5/1.5=3.33

Why do the industrialized countries spend enough personnel and material resources to develop
and improve IGCCs even when they are not using the technology in the recent period? The
reasons are difficult to guess. Some of them may be as follows:

° The oil and natural gas reserves are not as plentiful as coal. IGCC is currently an
effective and economical way to utilize coal efficiently while protecting the
environment.

° The pursuit of safety and diversity in the energy supply is served by a reduction of

dependence on oil and natural gas. IGCC is the technology that can further that goal.

® The development of IGCC technology may play an important role in prohibiting the
utilization and cost of oil and natural gas from rising suddenly and sharply.

® The development of IGCC technology can provide some technological support for the
development of more advanced integrated gasification fuel cell technology.

The above analysis and understanding of the status of IGCC development abroad may inspire the
decision making for IGCC development and utilization in China. Because the price ratio of
natural gas (oil) to coal is about 3 to 4 in China, it is not the case there that IGCC cannot be
competitive with NGCC due to fuel price. In addition, the electricity production configuration
that utilizes coal as the dominant energy source will remain unchanged to the mid-21st century.
Following market economic principles, the situation that IGCC investment costs have been
comparative recently and are projected to be even lower in the near future than PC abroad, will
also be verified in China. Therefore, current fuel cost conditions in China favor the acceleration
of IGCC demonstration and development, unless and until the oil and natural gas prices are
suddenly and sharply reduced in China.
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- Currently, some people hold the idea that IGCC should be imported only after it has been proved
through wide use abroad. This idea is incorrect. IGCC units will not be used widely abroad due
to lack of market driving force unless the oil and natural prices rise suddenly and sharply in the
near future. Based on Chinese energy reserves and the situation of the nation that the price ratio
of oil and natural gas to coal is higher than that in industrialized nations, IGCC is perhaps a
unique clean coal high technology that must be widely utilized and developed in China in spite of
the reluctance of other nations, and then carried forward by the nation.

Concluding Remarks

During the long time period from the present to the year 2050, coal-fired power
generation will be the main fuel for generation of electricity in China.

To realize sustainable development, clean coal technologies are the future of coal-fired
power generation and are the unique way by which coal-firing technology will be
developed.

IGCC is the cleanest, most efficient and most mature technology among currently
available clean coal power generation technologies.

IGCC is an affordable power generation technology for China. IGCC investment cost
has been comparative with currently and even lower than projected, near-term PC
costs. There is also greater potential for IGCC to reduce cost further.

IGCC units will not be used widely abroad due to lack of market driving force unless
the oil and natural price rise suddenly and sharply in the near future. The preferred
power generation technology is oil or natural gas-fired combined cycle abroad. The
point-of-view that IGCC should be imported in China only after it has been widely used
abroad is incorrect.

To strengthen the safety and diversity of energy supply, industrialized nations continue
investing enough personnel and material resources to develop and improve IGCC. To
realize the strategic goal of sustainable development, China is presently in the situation
that accelerating IGCC demonstration and development makes sense based on Chinese
energy reserves and the fact that the price ratio of oil and natural gas to coal is higher
than industrialized nations. IGCC is perhaps a unique clean coal high technology that
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must be widely utilized and developed firstly in China rather than in other nations, and
then carried forward by the nation.
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Shanghai, China

Accumulated Experience of Coal Gasification Process in Chinese Chemical Industry,
Particularly for the Entrained Flow Gasification Process

General

27.6 million tons of ammonia and 1.1 million tons of methanol have been produced, and coal as
feedstock accounted for about 65 percent of total usage in China in 1995. Before the 1980s, the
process for the production of raw synthesis gas for ammonia and methanol with coal feedstock
was discontinuous operation fixed-bed in China. It is well known that the shortcomings of this
process are not only low-efficiency and high-pollution, but also the demand for anthracite or coke
as feedstock. There are only two large mining areas in China — Yangquan and Jincheng, which
produced coal amounting to 20.6 million tons in 1994. The ratio of the price of coal mined in
these areas to the transit fee is about one to one. Therefore, the traditional coal gasification
process is still limited by anthracite output and transit difficulty to further development in the
syngas area.

In order to develop our coal chemical industry, to produce more chemical fertilizer and to support
agriculture, Lurgi and Texaco gasification technologies have been imported selectively from
among modern coal gasification processes that appear promising. Expei'ience has demonstrated
that the latter (Texaco) is appropriate to production of ammonia synthesis gas. Jinling, Dongting,
Hubei- nine Texaco coal gasification facilities in all — are being demonstrated. The status of
imported technologies is as follows as of the end of 1995:
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Table 1. Imported Status

Unit Capacities
Location t coal/day Contractors Remark

Shanxi 1,200 | Lurgi’s license and contractor Commissioning in July 1987

Lunan 350 | Texaco’s license and PDP, Commissioning in Apr. 1993
designed by China

Wujing 1,500 | Texaco’s license and PDP, Precommission in May 1995
designed by China

Weihe 1,500 | Texaco’s license, designed by Precommissioning in Feb. 1996
China contractor: UBE (Japan)

ShouGang' 1,000 | Texaco’s license. Imported all facility in 1989
Contractor: CTIP (Italy)

Jinling, Dongting, 1,500 x 3 | Texaco’s license and PDP, Start engineering in 1996

Hubei designed by China

Changshan, Quhua, 1,000 x 6 | Texaco’s license and PDP Feasibility study at present

Haolianghe, Huainan,
Liujiaxia, Handan

Shanxi Chemical Fertilizer Plant — Lurgi Coal Gasification

The Lurgi dry-bottom, fixed-bed gasifier is the most widely applied pressure gasifier today. The
most important plants are SASOL in RSA (Capacity 30 million tpy of bituminous coal) for the
production of synthesis gas for liquid fuels and chemicals and DGC (Dakota Gasification
Company) in the United States where 4 million tpy of lignite are being processed into 160,000
normal cubic meters per hour (Nm’/h) of SNG (Substitute Natural Gas).

The Lurgi gasifier operates in the fixed-bed mode with the coal and the gasifying agent flowing
counter-currently. This leads to lower oxygen consumption and higher cold gas efficiency (about
90 percent of the coal’s heating value is converted to chemical heat in the product gas), but the
gas leaves the gasifier with entrained coal dust, tar, and other organic matters.

Lurgi has supplied complete engineering and equipment for the gasification facility of the Shanxi
Chemical Fertilizer Plant, consisting of four (one spare) Mark IV gasifiers, each having an
internal/external diameter of 3,848/4100mm, and their ancillaries. These gasifiers operate at 3.1
MPa(A), and have capacities of 16.69 tons of coal per hour per gasifier and produce

60




36,000 Nm*/hr syngas. Construction and erection began in July 1983 and the gasification unit
commissioning was completed in July 1987. The running results are as follows:

1. The gas leaving the gasifier contains the following composition in percént by volume:

C0,=27.28, CO=23.23, H,=39.08, CH,=7.93, H,S=0.08, C,H,=0.03, C,H=0.44,
N,=1.31, and Ar=0.62.

2. The flow rate in kg/h is as follows in entrained matter in gasifier exit gas:

ammonia=516, Chlorine=20, fatty acid=35, Naphthalene=26, naphtha=68, oil=211,
tar=358, and particulates=672.

3. After running for about 6 years by the end of 1993, the highest production capacity
attained was 90 percent of design value. The gasification unit shut down constantly
because of clogging. The clogging units are as follows: coal gasification, ash treatment,
gas-water separation, ammonia recovery, gas cooling, carbon monoxide shift, gas
purification (Rectisol and liquid nitrogen wash system) and methane reforming. The
scaling material consists of coal dust, tar, ammonium carbonate, naphthalene, silicate and
soot.

The following conclusions met with general acceptance following 8 years experience:

1.  The Lurgi dry-bottom, fixed bed gasification process is not suitable for semi-anthracite
and it has specific requirements for feed coal size and coal species.

2. The main failure is clogging, there is no effective separation process for coal dust, tar,
hydrocarbon, ammonium carbonate, soot, etc., up till now.

3. The waste water treatment is complex.
Lunan Texaco Coal Slurry Gasification
Facility Design

In view of the anthracite shortage and comparatively high price of coal, the need for an economi-
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cal and effective process for non-anthracite coal gasification is vital. State Planning Commission,
State Science and Technology Commission, and Ministry of Chemical Industry of the PRC paid
attention to developing new coal gasification process enough, decided to setup an installation
which could serve as a demonstration, so as to change the species of feedstock coal (see 2.2), at
the same time, China made an imported program.

Lunan Chemical Industry (Group) Company signed a contract with Texaco Development
Corporation of the United States, to procured the license and Process Design Package for Texaco
Coal Gasification Process (TCGP). The engineering basic and detail design and the procurement
of imported key equipment, valves and metallurgy were completed by the First Design Institute of
Ministry of Chemical Industry of China, and became fourth International contractor behind
Bechtel (U.S.A.), Uhde (Germany), and UBE (Japan). The project capacity is 350t coal/day to
generate 80,000 tons of liquor ammonia per annum. The accumulated design experience is as -
follows:

Developed the technology for adding flux agent (calcium carbonate) into “Qiwu” coal and
rubber-lined ball mill.

Designed gasifier, slag lock, slurry tank with agitator, Venturi scrubber, scrubber tower,
slag driver, pump for scrubber tower and slag lock, heat exchanger, flash tower and so on,

the home-designed-made equipment accounts for about 90 percent.

Improved the Texaco liquid-level controller of the vacuum evaporator, and developed
anti-wear technology for the tubes of flash system.

Developed temperature control technology for gasifier by gas composition.

Running Condition

The facility completed precommissioning in February 1993, first produced syngas in April 1993,
produced at full capacity in February 1994, and achieved 120 percent of design load in July 1995.
The comparison between design and running values is seen in table 2.




Table 2. Comparison between Design and Running values

Project Unit Design Value Running Value
Gasification pressure MPa 4.0 2.7~3.0
Oxygen charge rate Nm’/h 10,000 11,500
Composition of oxygen % 995 99.8
Slurry solids % 63+1 65+ 1
Load of gasifier m’/h 18.6 22.0
(slurry charge rates per gasifier) t’h 14.6 17.6
Syngas composition v% CcO 45.03 | CO 451
H, 35.1 | H, 35.42
CO, 18.53 | CO, 18.54
N,+Ar 0.14 | Ny+Ar 0.11
Syngas flow rate Nm®/h 27,262.5 33,234
Working time ratio of gasifier % 100 96.89
Carbon conversion % - ~96

The improvements of the gasification system in the running course are as follows:

1. Clogging

In May 1993, when the gasifier had run for 600 hours, serious scaling was found in the black/gray
water system, resulting in reduced inner diameter in the Venturi scrubber, decreased heat-
exchange efficiency and narrowed flow section in the quench ring. Taking aim at these probable
occurrences, the following measures were taken after analysis and research.

° The scale in Venturi scrubber was mainly carbon ash, calcium carbonate, and silicate. The
clogging was successfully resolved when a new type anti-scaling agent and dispersion
agent were added into the gray water and the flow distribution in the Venturi scrubber was
modified. No more scaling occurred in the scrubber.
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By adding anti-scaling agent and dispersion agent into the gray water system, problems of
gray water heat-exchanger and quench ring were solved to a considerable extent. Now
the gray water heat exchanger is cleaned after 4,000 hours, and the operating period of the
gray water pump is extended effectively.

2. Refractory brick

Lunan’s gasifier has used French ZIRCHROM 80 and ZIRCHROM 90 and China Luo Nai refrac-
tory brick, the running status is list in table 3:

Table 3. Running status of refractory brick

Project | Running hours Erosion ration (mm/h) Price ratio

Lou Nai 1,877.5 0.0317 0.5
ZIRCHROM 80 4,679.6 0.0412 1
ZIRCHROM 90 1,499 0.016 1

3. Process burner
The Lunan Chemical industry (Group) Company imported four process burners and six burner
heads from the U.S.A. before the start-up in 1993. All of the new process burner heads have been

made in Lunan since 1994. Table 4 provides a list of running status.

Table 4. Running status of process burner

Project Service life

Imported burner ‘ 66 days
Lunan burner 62 days

4. Feedstock Coal

The design feedstock coal of the gasification unit is “Qiwu” coal that has higher ash fusion tem-
perature. The fluid point is about 1,510°C. In order to reduce gasification temperature, oxygen
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and flux agent (CaCO,) requirements, the “Qiwu” and “Baisu” coals were mixed at a weight ratio
of one to one as the feedstock coal. The mixture has a lower ash fusion temperature, with a
1,280°C fluid point.

Shanghai Coking & Chemical Plant (Wujing) Coal Gasification
Texaco Slurry Gasification

The facility contains four gasifiers (one spare). The inside diameter of the gasifier shell is

2,800 mm and the inside diameter of the refractory brick is 1,676 mm. The operating pressure is
3.92 MPa, while treating 1,500 tons “Shengfu” coal per day to produce methanol and acetic acid.
The Shanghai Coking & Chemical Plant procured the license and a process design package from
Texaco. The project was designed by First Design Institute of Ministry of Chemical Industry,
with start-up in May 1995. The capacity, gas composition, and carbon conversion numbers all
have achieved the design target.

U-Gas Coal Gasification

The Shanghai Coking & Chemical Plant procured the license and a process design package from
the Institute of Gas Technology of the United States. The project was designed by the Design
Institute of Shanghai Chemical Industry, eight gasifiers with inside diameters of 2,600 mm,
operating at 0.6 MPa, converting 8 x 120 tons of coal per day, with start-up in November 1994.

Slag clogging, lower carbon conversion, entrained coal particulates in the gas stream, and so on
were found. The longest running period has been 7 days up until now.

Weihe Texaco Coal Slurry Gasification
UBE (Japan) was the contractor for this project and the Sixth Design Institute of Ministry of
Chemical Industry of China participated in the basic and detail design. There are three gasifiers
(one spare) with inside shell diameters of 2,794 mm, operating at 6.5 MPa, and treating 820 tons
of “Huangling” coal per gasifier per day, with start-up in Feb. 1996. The facility is being test-run

at present. ’

The Attained Level of Coal Gasification (Entrained Bed) to Date in China
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When the license, the process design package (PDP), and the slurry pump, slag crusher,
and a small number of key valves, instruments and metallurgy have been procured, the
coal gasification unit can be designed, constructed, erected, and operated by China.

China had designed, constructed, erected, and successfully operated three coal gasification

~ units — Lunan, Wujing, and Weihe, and, as far as the running time efficiency, technology
target, saf'ety and stability are concerned, these units are quite up to the lével of Texaco’s
technology. There have been some developments for example the antx-cloggmg, slurry
additive, start up measure and so on.

Applying the Operating and Manufacturing Experience of Coal Gasification Process Plants
from Chemical Industry to Development of IGCC Technology

Géneral

IGCC power generation is a kind of advanced technology. Its advantages are high efficiency and
environment protection. So it is desirable to develop one kind of coal-based power generation in
China. The IGCC consists of several subsystems including air separation, gasification and slag

handling, syngas purification, heat recovery, gas turbine, HRSG, and steam turbine. Of these,
gasification is the key technology. Currently, most of the large-scale IGCC power stations which
have already been demonstrated, utilize entrained-bed coal gasification as discussed below:

IGCC Power Generation Plant Adopted Texaco Coal Gasification Process

The Cool Water plant utilized the Texaco coal gasification technology. The volume of one
gasifier is 16.98 m® (600 ft%), having an inside diameter of refractory brick of 1,828 mm and
operating at 3.0 MPa, treating 700 tons coal per day; the volume of another gasifier is 25.48 m®
(900 ft*), with an inside diameter of refractory brick of 2,430 mm, operating at 3.0 Mpa, and
treating 1,000 tons coal per day. The net electrical production of a single train is 100 MW.
Start-up was in May of 1984, and the demonstration phase was completed demonstration in June
1989. :

The Texaco coal gasification process is being applied by Tampa Electric at their Polk Power
Station unit No. 1. The volume of the gasifier is 51 m® (1,800 ft*) and the operating capacity is
2,300 tons per day of coal. It will produce about 257.8MW and will begin commercial operation
in September 1996.




IGCC Power Generation Plant Adopted Dow Coal Gasification Process

The Louisiana Gasification Technology Incorporated (LGTT) plant is owned and operated by
Destec, a Dow affiliate. It converts 2,400 tons/day of subbituminous coal, operating at 2.8 MPa,
and started-up in April 1987. The capacity is 160 MW. The Wabash River Coal Gasification
Repowering Project contains two gasifiers (one Spare), operating at 2.8 MPa. It converts

2,500 tons coal per day, and it will produce 262 MW (net). It was commissioned in November
1995.

Buggenum Plant

This plant is based on a coal gasification process developed by Shell. The capacity of the gasifier
is 2,000 tons coal per day, it produces 253 MW (net) and was commissioned in 1993. The
demonstration years will be 1994-1996.

The above programs for entrained-bed coal gasification with IGCC power generation have
convincingly demonstrated, on a commercial scale, the economic and environmental
characteristics of these technologies. In China, the chemical industry has accumulated experience
in the investigation, design, manufacture and operation of coal slurry gasification. This
experience, once it is applied to IGCC power generation, will serve to reduce investment,
promote safety and reliability of the facility and push IGCC forward in China.

Research and Development of Coal Slurry Gasification in China

The late 1970s, in the process of investigating entrained-bed, pulverized coal gasification, the
Northwest Research Institute of Chemical Industry of the Ministry of Chemical Industry started to
investigate and develop coal slurry gasification. In the mid 1980s, The First Design Institute of
Ministry of Chemical Industry designed a testing facility, treating 24-35 tons of coal per day, and
operating at 2.6-3.4 MPa, with slurry concentrations of 55 percent, 60 percent, and 65 percent,
and gasification temperatures of 1,350°C, 1,450°C, and 1,550°C. Gasifiers with cooling walls
and hot walls (inside diameter of refractory of 770 mm, height of cylinder of 2,400 mm), radiative
boiler (inside diameter of 1,900 mm, height of cylinder of 9,070 mm), five burner types and six
coal species have been tested. The experience gained provided the practical base that enabled the
Lunan and Wujing facilities to be successful.

After Texaco Development Corporation visited the test apparatus and signed a contract with
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Northwest Research Institute of Chemical Industry, they will accept the data from this facility as
the basis of a process design package.

Operating Experience

The Lunan coal gasification unit will serve as an example for operating experience: it has been run
with safety and stability for 3 years. The unit achieved 120 percent of design capacity and 96.89
percent of running time efficiency in 1995.

Slurry Preparation and Coal Species

“Qiwu,” “Baisu,” “Luoling,” “Huangling,” “Shengfu” coal species are all successfully adopted as
feedstock coal for commercial gasification in China.

The slurry concentration, in terms of percentage of suspended solids, is about 65 percent, and the
cost of additive per ton is about ¥ 10 (RMB).

Running Time Efficiency and Burner Exchange

As mentioned above, a 96.89 percent running time efficiency has been achieved and the ratio of
charging feedstock coal successfully without having to resort to the start-up burner was 100
percent in 1995. The direct charging of feedstock coal was successfully performed without
exchanging burners on December 13, 1994. This performance was repeated on May 28, 1995.
The time required for start-up has been shortened greatly through experience. To date, the
shortest time required has been only 32 minutes from shut down to start up.

Load and Technology Target

It has been demonstrated that the capacity of the Lunan coal gasification unit has reached 120
percent of its design value, the oxygen consumption per ton of coal has been reduced from the
design value of 684.9 Nm® to an operating value 653 Nm®. The product gas make per ton of
feedstock coal increased from the design value of 1,867.3 Nm’/hr to an operating value of
1882 Nm’/hr.
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Design and Manufacture Experience
Gasifier

Six gasifiers with inside diameters of 2,800 mm, for operating pressure of 4.0 MPa were built by
Jinzhou Heavy-Duty machinery Works for Lunan and Wujing. The capacity of these gasifiers is
about 500 tons coal per day each. As Lunan’s gasification pressure was 2.8 MPa, only about
350 tons of coal was treated per day per gasifier. Three gasifiers with inside diameters of

2,800 mm, for operating pressure of 6.5 MPa were built by Haerbin Boiler Works for Weihe. The
capacity of these gasifiers is about 820 tons coal per day each. Engineering has begun for nine
gasifiers with inside diameters of 3,200 mm, for operating pressure of 4.1 MPa, which will be
manufactured for Jinling, Dongting, and Hubei. The capacity of each of these gasifiers will be
about 1,200 tons per day.

Refractory Brick

The service life of China Luo Nai refractory brick has reached a level between French
ZIRCHROM 80 and ZIRCHROM 90, but the price is only half that of the French brick.

Other Equipment

Other equipment for coal gasification units which can be manufactured by China are ball mills,
slag locks, quench rings, slag pumps, Venturi scrubbers, scrubber towers, flash towers, heat
exchangers, gray water pumps, precipitation tanks and so on. In short, except for the high
pressure positive displacement pump, the slag crusher and the process burner, the manufacturing
means and expertise for all of the necessary equipment already exists domestically.

Applying the Experience to the Development of IGCC Technology
1. The Texaco coal gasification experience accumulated to-date by the Chinese chemistry
industry can be directly applied to an IGCC coal gasification unit equivalent to 200 MW

capacity.

2. China also has the ability to build an IGCC coal gasification unit of 400 MW IGCC
generation capacity, based upon the accumulated experience.
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China has accumulated experience in preparation of operating, maintenance, safety and
training procedures, which could be applied to future IGCC plants.

The characteristics of coal slurry gasification dictated the lower cold gas efficiency (~70
percent) and worse load-following ability. However, the safety, stability, environmental
protection, and high unit capacity could be competitive with other coal gasification
processes.
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5. IGCC — An Advanced Power Generation System with High Efficiency, Low Pollution,
and Low Water Consumption for China ‘ ‘

Academician Cai Ruixian
Professor Lin Rumou
Institute of Engineering Thermophysics
Chinese Academy of Sciences
Beijing, China

As a kind of advanced power generation system which combines the efficient combined cycle with
clean coal combustion technology, the integrated gasification combined-cycle (IGCC) has drawn
warm attention recently. It represents one of the main trends for thermal power development
extending into the next century. It is also supposed to be the right technology for China to open
up a new thermal power development model characterized by high efficiency, low pollution and
low water consumption. It will exert great influence toward assurance of sustained Chinese
national economic development in the 21st century.

IGCC is Essential to China

China ranks first in the world in terms of coal production and consumption. In 1995, Chinese
coal consumption is 1.298 Gt which accounts for about 3/4 of Chinese total primary energy
consumption and 1/4 of the world’s coal consumption. Coal takes the largest share in Chinese
primary energy owing to its abundant reserves and low price. Its dominant position will remain
for a quite a long term. The present coal utilization technology is facing a series of problems,
such as low efficiency and serious pollution. The Chinese electricity generation network, of which
thermal power is the dominant system (about 90 percent) and the conventional steam turbine as
dominant unit (about 85 percent) has three main problems. The first is its high specific coal
consumption (413 gce/kWh in 1994), the second is its serious pollution and the last one is its
great water consumption which leads to difficulties for application in arid regions.

With the rapid national economic growth, the existing 210 GW giant electricity network will need
to be duplicated. The resulting increase in energy waste and environmental pollution would be
imaginable unless advanced technology is applied to repowering of the old power stations and the
building of new ones. Clean coal combustion technology is the only answer to these problems in
China. The ever-worsening pollution problems should be resolved simultaneously with the
improvement. of energy utilization efficiency.
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Among those clean coal generation technologies under development worldwide, IGCC may rank
as the most competent one with the following distinctive advantages:

(1)  IGCC has the largest potential for raising net thermal efficiency. The net efficiency of
IGCC has reached 40-46 percent and is expected to exceed 50 percent in the next century.

(2)  Itis easier to reach commercial scale, for example 300-600 MW.

(3) It is much more environmentally friendly. It can satisfy strict waste emission regulations
even while burning sulfur-rich coal. The level of desulfurization can reach 98 percent or
more. The amount of solid residue generated is small, and the byproduct can be sold.

(49)  Itis suitable for various coals and available to provide starting material for synthetic
utilization. Combined with the coal chemical industry system, the multi-generation system
can be utilized to provide electricity, heat, fuel gas and chemical products.

(5) It consumes 30-50 percent less water than the conventional steam station does, which not
only makes it suitable to the arid areas, but also meets the requirements to build stations in
mining fields.

(6)  Based on the present level of experience in running combined cycle with coal gasifiers, the
accumulation of technolbgy for IGCC is close to being mature. The stream factors
demonstrated by the demonstration plants (80 percent or more) can meet commercial
operation requirements.

(7)  The relevant technical achievements can be shared widely, it offers good prospects for
new and advanced technological industries, such as the subcritical/supercritical IGCC,
IGHAT and IGFC-CC, etc. '

Key Factors for IGCC Commercialization in China

In recent years, most of the world’s major petroleum/coal companies and power manufacturers
have joined the IGCC R&D. Some significant progress has been achieved with the application of
great manpower and material resources. Quite a few demonstration plants have been put into
commercial test operation. The major competitors of IGCC in China are the conventional
pulverized coal steam station (PC), the supercritical steam station (PC-SC) and the Pressurized
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Fluidized Bed Combustor Combined Cycle (PFBC-CC). All three of these generation
technologies will be developed at different levels and take shares in the versatile Chinese thermal
power market. The portion of IGCC in The chinese generation network will largely depend on its
thermal performance and economic properties, which are also key factors for commercialization
of IGCC in China.

For quite a long period, the focus of developing IGCC has been put on thermal performance
improvements, such as the advanced gas turbine and combined cycle, various gasification tech-
nologies, cold/hot gas purification technology, optimization of system integration including air
separation and the steam circuit.

The combined cycle block is one of the cores of the IGCC technology, so the improvement of gas
turbine performance is prerequisite to the development of IGCC. The typical values of gas

turbines and IGCC are listed in the table below.

Table 1. Thermal performances for gas turbines and IGCC

———

Simple Cycle Oil/Gas Fired CC IGCC

Gas Turbine Power Power Power
Inlet Temp. | Capacity | Efficiency | Capacity | Efficiency | Capacity | Efficiency
Y MW) (%) MW) (%) MW) ()
1980s 1,100 100 32-34 150 45 180 36 |

I 1990s 1,250-1,288 230 34-38 350 55 400 40-46
Il 2000 1,430 280 38-40 480 60 600 -50

It is obvious that the IGCC with the 1980s-era gas turbine inlet temperature of 1,100°C can not
compete against a steam turbine station. However, with a batch of the advanced gas turbines
available in the 1990s, large-scale IGCC plants can raise their net efficiency to 40-46 percent, and
thus can compete against conventional pulverized coal power stations. Therefore, economics are
the most important factor for IGCC commercialization.

The specific investment of the earlier IGCC demonstration plant was $2,500/kW. It still ranges in
the $1,500 to $2,500 per kW range for the projects under consideration. The following need to
receive special attention to reduce the IGCC specific investment and generation cost:
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(1)  Performance can be improved through the improvement of key equipment, system optimi-
zation and simplification, e.g., the application of the new generation gas turbines (“G” and
“H” series), the HGCU technology, the optimization of integrated air separation
subsystems, R&D of IGHAT and IGCC multi-generation systems, etc.

Initial capital cost will drop significantly with technology progress and performance
improvement. The relationship between IGCC technical performance and its investment

cost given by GE (GER-3650C) is listed in the following table:

Table 2. IGCC technological performance and its investment cost

Specific
Gas Turbine IGCCEff. | Investment
Type of IGCC System Inlet Temp. (°C) | % (LHV) | Cost ($/kW)
Early Conventional PC Unit 36-37 1,200
1990s Conventional IGCC 1,260 (F type) 38-42 1,400-1,600

Cold cleanup, Independent air separation
Middle Cold cleanup, Integrated air separation 1,260 (F type) 43-46 1,350-1,550

1990s Hot cleanup, Integrated air separation 1,260 (F type) 45-48 1,180-1,380
Late Hot cleanup, Integrated air separation 1,370 (G, H 46-50 1,130-1,330
I 1990s types)

(2)  Continuously enlarge the capacity of IGCC stations to reach economic operating scale.
Larger capacity gasifiers and gas turbines should be used and spare furnaces eliminated if
possible. Research work indicates that capacity has great influence on initial investment:
specific investment cost will drop 10-20 percent when power output is doubled.

(3)  Standardized plant designs should be established as early as possible. By this means, the
specific cost of the Nth standard plant will be remarkably lower than that of the first one.
The relationship of standardized plant design and the cost of a 500 MW IGCC plant was
investigated by the CRSS Company in the United States. The result showed the
investment in the Nth plant to be 40 percent lower than that of the first one. The
investment reduction coefficient is commonly used in the economic analyses: for the first
unit, R=1.1; second one, R=0.9; and the value will be 0.8 and 0.7 for the third and forth
ones, respectively.
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(4)  Owing to the lower cost of labor, the investment required to establish a generation station
in China is notably lower than that in the United States. Taking a PC station as an exam-
ple, the specific cost will be $500-700 for the Chinese-made unit, and up to $800-1,000
when the chief equipment is importéd‘fromk abroad, which are 50 percent and 20 percent
cheaper respectively compared with costs for similar stations in the United States. Similar
conclusions have been drawn for IGCC plémts: if the specific price for a newly-built IGCC
power station is $1,500/kW in the United States, then it will drop to $1,200/kW for the -
same unit in China.

(5)  High-sulfur coal should be used to lower generation cost.even further. Generation cost
will drop 10 percent or so if the high-sulfur coal price is 10-25 percent cheaper than that
of conventional PC power station, and can be even lower in the case of byproducts
utilization (including elemental sulfur and glass-liké residue).

Scientists both in China and abroad made comprehensive comparative analyses of IGCC,
PC and PFBC-CC. Typical data are shown in table.3.

Table 3. Comparison of several generation technologies

PC
Conventional With FGD PFBC-CC 1GCC
Capacity Present 300-1,300 300-1300 | 80-350 200-600

MW 2010 I 500 1,000

Net eff. Present | 36-38 (SC: 40-42) | 34.5-36.5 36-39 40-46

2010 | 45-50(2nd |  50-54

generation)

Water consumption 100 100 -70-80 50-70

Waste SO, 100 6-12 5-10 1-5

emission (%) NO, 100 18-90 17-48 17-32

(Compared dust 100 2-5 2-4 2

with PC steam | solid waste 100 120-200 95-600 50-95 "
station) Co, 100 107 98 95 |
Specific investment ($/kW) 1,160 1,400 | 1,300-1400 | 1,400-1,700 |
COE* mills/kWh 48-57 56-66 54-66 4963 |

* Extraction from the Economic Analyses Report of Corp. (Based on 1991 U.S. dollars)
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Explicit conclusions can be drawn from those analyses:

(1).  The advantages of IGCC in environment protection and water consumption are
indisputable. Waste emission is notably lower than that of the two others. The PC power
station with FGD is just equivalent to PFBC-CC, and still can not compete against IGCC.

(2). Net efficiency of IGCC has already exceeded that of conventional PC and PFBC-CC (by
10 percent) and is currently equivalent to that of the supercritical steam station. The
superiority of IGCC in thermal performance will increase continuously. For example, the
steam parameters of IGCC can be supercritical also.

(3).  The key factor for IGCC commercialization is economic. Its specific investment and
generation cost are 10-20 percent and 6-10 percent higher respectively than that for the
other two technologies. The specific investment will hopefully drop as the technology
develops further and economic scales of production are reached, and is predicted to reach
the level of PC (with FGC) in the early 21st Century.

China is Engaged in the R&D of IGCC with Great Enthusiasm

China had intended to build a pilot plant on two occasions about ten years ago. Although it was
finally canceled owing to technical and financial difficulties, relevant R&D work never stops.

At the beginning of the 1980s, the late famous scientist Prof. Wu Zhonghua (C. H. Wu) proposed
a policy of developing combined cycle: on one hand, oil/gas fired systems should be developed
first at places where these fuels are available, which would provide practical experiences and save
energy for the users; on the other hand, coal combustion technology should receive more
attention, and then the technologies combined. For example, the Institute of Engineering
Thermophysics of CAS, Tsinghua University and Thermal Power Research Institute of Electricity
Ministry have been working at the fundamental and applied research of combined cycle total
energy systems and have already made great progress in the research of system configuration,
optimization and application.

Tens of combined cycle plants (the majority of which were imported) have been built in oil fields
and at coastal cities, and a wealth of operation experience has been accumulated.




Nanjing Turbine and Generator Works, in collaboration with GE, has produced MS6001 gas
turbines and combined cycle units. Harbin, Shanghai and Dongfang Steam Turbine works
developed several types of gas turbines in the past years, and they are seeking international
cooperation to develop large-scale gas turbines with good performance. Many engine works of
the Aeronautical Ministry are working at aero-engine revisions for stationary engine use.
Shenyang Metal Institute of CAS has developed M38 super alloy suitable to be used for 1,100°C
turbine inlet temperature. Three power station equipment production bases have been established
in Harbin, Shanghai and Sichuan Province to produce various types of steam turbines and boilers.

Chains Coal Chemical Institute of CAS began development of the air-blown fluidized gasification
furnace in the 1980s, Northwest Academy of Chemical Ministry is working at various coal
gasification experimental studies involving the Texaco furnace. Beijing Institute of Coal

- Chemistry of Coal Science Academy is engaged in experiment research on various gasification
techniques.

Quite a lot of coal gasification equipment has been imported in different places, such as Lunan
Chemical Fertilizer Factory (350t/d), the Capital Steel Company (1,000t/d), Weihe Synthetic
Ammonia Works (2@820t/d). Harbin Steam Boiler Works and Jinzhou Heavy Machinery Plant
have manufactured gasification installations with international cooperation. Chinese chemical
industries are capable of designing and manufacturing cold and wet gas cleanup technology
systems and have accumulated a lot of application experience.

Research work on HGCU technology has already begun. Some progress has been made in the
gas-solid flow, desulfurization and purification processes.

Having worked hard for several decades, China now has a favorable foundation and good
conditions for IGCC development. Great attention has been paid to international technological
communication and cooperation with the United States, Europe and Japan. Now China is
exploring international cooperation to go into R&D of key IGCC technologies and to set up a
large demonstration plant.

In 1994, the State Science & Technology Commission and Ministry of Electric Power organized a
convention of scientists from the whole country to make a feasibility study on the 200-400MW
IGCC demonstration plant, which is supposed to be the new model for the Chinese coal-fired
power station development as well as the training base for technician development.
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Besides those mentioned above, some local governments have also considered building 50-100
MW IGCC plants and have carried out the relevant technical economic feasibility studies.

In general, China has realized the importance of clean coal generation technology and given it
great emphasis in the following documents: the national energy policy and the program of energy
development; the long and middle term science and technology development program for elec-
tricity industries, the priority projects in Chinese 21st Century Agenda.

There is a Good Market for IGCC in China
‘Various types of IGCC can be used in different departments in China.

(1)  Asabase load unit in a large electricity network: the total installed capacity of national
power stations is predicted to reach 290 GW in 2000 and rise at 25 GW per year during
the period of 2000 to 2020. The annual generated electricity will be 1400 TWh, most of
them will be thermal power stations. V

In the 21st Century, with improved performance, more advanced technology and further
reduction in cost, IGCC will be in a better position compared with other generation
technologies. There will be a market with an annual capacity of 3,000 MW for IGCC if it
shares about 15 percent in the newly increasing capacity.

(2)  Existing power station repowering with IGCC technology. Suffering from the problems
of high specific coal consumption and serious pollution, the existing power stations
urgently need repowering, especially those medium and small ones using old technology
and performing poorly. Repowering by IGCC is proven to be an effective measure for old
station rehabilitation. An IGCC station can be created simply by attaching a gas turbine
and gasifier to the existing steam plant. The investment is low, owing to the reuse of
some original equipment and factory buildings. It can also effectively enlarge capacity,
reduce emission pollution and lengthen the technical economic life span of the old plant.
The huge investment of building new stations can be avoided as well.

(3)  IGCC power station construction at coastal areas. Because of rapid economic growth,

there is a great demand for electricity in the coastal areas. For example, about twenty 600
MW coal-fired units are required now in the Pearl River area.
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The method of building IGCC step by step (gas turbine first, then converting to oil or gas
fired combined cycle plant, finally IGCC) has the advantages of short construction time,
low initial investment, high efficiency and low pollution, thus it is deserving of application
and dissemination in some areas in China.

IGCC multi-generation system. Besides providing fuel gas to drive a combined cycle, coal
gasification can produce chemical raw materials and urban gas simultaneously. The multi-
generation system has good prospects for application because of its remarkable potential
for reduction of investment as well as coal synthetic chemicals utilization. One IGCC
multi-generation system is proposed to be established in Shanghai Wujing Coking Factory.
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1. Overview of Clean Coal Technology in the United States

Dr. Benjamin C. B. Hsieh
Morgantown Energy Technology Center
U.S. Department of Energy
Morgantown, West Virginia, USA

The Clean Coal Technology (CCT) Demonstration Program is a cooperative effort between the
U.S. Department of Energy (DOE) and U.S. industry to demonstrate a new generation of
technology for transforming coal into electricity. Those technologies that show the most promise
for increasing the efficiency of energy use and enhancing environmental quality are to be moved
into the domestic and international marketplaces.

U.S. Clean Coal Technology Demonstration Status

The worldwide demand for power is increasing every year at the same time the demand for a
cleaner environment is mounting. Realizing that coal has been and will continue to be a major fuel
source for power production, the U.S. DOE began the CCT program in 1985 to ensure that
technologies will be available to allow the use of coal to meet these two demands. The clean coal
technologies are demonstrated at commercial scale, and all projects are at least 50 percent funded
by the industry partners.

Forty three CCT projects were selected in five competitive solicitation rounds over a span of nine
years. The first three rounds concentrated on technologies that could mitigate the potential
impact of acid rain. The last two mainly addressed the energy needs of the next century with
technologies that promise very high efficiencies and extremely low emissions. Eighteen of the
projects have been completed, 8 are now operating, 14 are undergoing construction or design, 2
have been canceled, and 1 (from the last solicitation round) is in negotiation. Over $7 billion in
capital investment has been made with an average industry cost share of 67 percent of the total.

The projects (Figure 1) are categorized into four market sectors: Advanced Power Generation
Systems, Environmental Control Devices, Coal Processing for Clean Fuels, and Industrial
Applications.
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The coal-fired power plant is being brought into the 21st century by the 14 projects in the
Advanced Power Generation Systems sector. These projects total more than 1,000 MW of new
power generation capacity and more than 800 MW of repowered capacity, at a total value of
more than $4.6 billion. The projects offer significant improvements in plant thermal efficiency
and cost of electricity, integral control of sulfur dioxide (SO,) and oxides of nitrogen (NOy), the
mitigation or elimination of solid waste management problems, fuel flexibility, and increases in
power output capacity for repowering applications of up to 150 percent. The predominant
technologies in this sector are the Integrated Gasification Combined Cycle (IGCC) with five
projects, and Fluidized Bed Combustion, with six projects.

To address the environmental performance needs of current coal-using power plants, 19 projects
valued at more than $686 million have been selected in the Environmental Control Devices sector.
The technologies feature high SO, and NO, capture efficiencies, low capital cost, and mitigation
of solid waste problems, all designed to meet the requirements of the 1990 Clean Air Act
Amendments.

The five projects in the Coal Processing for Clean Fuels Technology sector are valued at more
than $519 million and represent a wide range of technologies that help process coal into a cleaner
and more valuable fuel.

Another diverse portfolio of technologies is encompassed by the Industrial Applications projects.
These five projects with a total value of more than $1.3 billion, address the use of coal in
industrial and production environments, such as substituting coal for coke in iron ore reduction
and reducing coal-burning emissions in cement kilns.

U.S. Clean Coal Technology IGCC Projects

IGCC technology is one of the largest clean coal technologies both in the number of projects and
in total dollar value. This is because IGCC technologies already deliver very strong
environmental performance at competitive coal-use efficiencies, and promise even higher
efficiencies at a lower cost of electricity in the near future. The five IGCC projects are the
Wabash River Coal Gasification Repowering Project, the Tampa Electric IGCC Project, the Pifion
Pine IGCC Power Project, the Combustion Engineering IGCC Repowering Project, and the Clean
Energy Demonstration Project.
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Figure 1. United States Clean Coal Project Locations

° The Wabash River Coal Gasification Repowering Project — This project is at the most
complete stage of development of the five IGCC clean coal projects. It began officially
operating on November 30, 1995, and will continue DOE co-founded operation through
1998. The project was selected in 1991 at a total cost of $438 million and is a joint
venture between PSI Energy, Inc., and Destec Energy, Inc. The project produces 262
MW in a repowering application at a facility in West Terre Haute, Indiana, and is the
largest single-train coal-gasification combined-cycle power plant operating in the United
States. The gasifier technology is Destec’s two-stage entrained-flow oxygen-blown
slurry-feed system, and the combined-cycle system uses a General Electric (GE) 7FA gas
turbine fueled by coal gas to repower one of six existing steam turbine/generators. A
conventional cold gas cleanup system reduces SO, emissions by more than 98 percent and
NOy emissions by 90 percent, and a hot filter system removes particulates. The
anticipated net heat rate for the repowered unit using high sulfur bituminous coal is
approximately 2,150 kcal/lkWh, or 40 percent LHV efficiency. Operation results in 1996
indicated that power output and heat rate met and exceeded the design values. The
commercial offerings of this technology will be based on a 300-MW train. In a green field
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(new power plant) application, the technologies should produce at least a 20 percent
improvement in efficiency compared to conventional pulverized coal plants with flue gas
desulfurization.

The Tampa Electric Integrated Gasification Combined Cycle Project — This project in
Lakeland, Florida, is currently nearing construction completion and operation is planned to
begin in September 1996. The total value of the project is $550 million, and it will
produce 250 MW of electricity as the first part of the new 1,150 MW Polk Power Station.
This project uses Texaco’s slurry-feed oxygen-blown entrained-flow gasifier technology
and will demonstrate both conventional cold-gas cleanup and the new hot-gas moving-bed
desulfurization system on the medium Btu coal gas produced. The power block area
includes the GE frame 7FA gas turbine, steam turbine, and a Henry Vogt HRSG. About
98 percent of the sulfur pollutants and particulates will be captured and will be processed
into by-products, sulfuric acid, and slag that can be sold commercially. The net heat rate
for this demonstration is expected to be approximately 2,050 kcal/lkWh, or 42 percent
LHYV efficiency. This federally co-funded demonstration will run through 1998, and then
the plant will operate commercially.

The Pifion Pine Integrated Gasification Combined Cycle Power Project — In Reno,
Nevada, the Sierra Pacific Company has chosen to install an IGCC system to meet
anticipated load growth, citing the technology’s advantages of flexibility, diversity and
reliability. The Pifion Pine IGCC Power Project is nearing construction completion and
operation is planned to begin in February 1997. The $309 million project demonstrates
the KRW dry-feed air-blown fluidized-bed coal-gasification system with a GE Frame 6FA
gas turbine, and is expected to produce an expected 99 MW of electricity. The KRW
gasifier was developed in DOE’s research and development program, and is one of the
most efficient gasifiers, producing electricity at a net heat rate of 2,000 kcal/kWh or about
43 percent LHV efficiency. The gas cleanup system includes in-bed sulfur capture by
crushed limestone injection, high temperature ceramic candle filters for particulate
removal, and a regenerable metal-oxide hot-gas desulfurization system. Using Western
U.S. bituminous coal (0.5-0.9 percent sulfur), this system is expected to reduce NO,
emissions by 94 percent and SO, emissions by 90 percent, and to remove virtually all ash
impurities. The compact design of the KRW gasification system reduces space
requirements compared with other coal-based power systems, and the fluidized-bed
gasifier is capable of gasifying all types of coals, as well as bio- or refuse-derived wastes.
The only solid waste from the plant is a mixture of ash and calcium sulfate produced in the
gasifier, which is a nonhazardous waste suitable for landfill.




IGCC Status — Past, Present, and Future

Gasification of coal and other carbonaceous materials is not a new concept, and has been
occurring for thousands of years in nature under certain conditions as carbonaceous materials
decompose. In the early 1900s, human efforts at coal gasification were evident when town gas
was provided for many communities by early batch-type fixed-bed units. During the 1930s and
1940s, Germany used gasifiers to reduce their national petroleum consumption. These earliest
efforts have evolved into continuous throughput fixed-bed units such as the pressurized Lurgi
gasifier, and then to entrained-flow gasifiers (Koppers Totzek) and the fluidized-bed (Winkler)
gasifier, which were widely used in Europe and South Africa in the 1950s and 1960s.

IGCC was proposed as an alternative coal-fired power plant after October 1973, when political
conflicts and rising oil prices occurred. At that time, the net efficiencies of combined-cycle plants
were beginning to exceed the 38 percent LHV net efficiency of conventional steam plants, and the
conventional steam-cycle plants of the 1970s were reaching their technological limits. In addition,
the Clean Air Act of 1970 was forcing further reduction in power generation efficiencies, by such
means as adding flue gas desulfurization (FGD) systems.

50% 0%
$1,000/kW
Efficiency % o, | 42%
avy 0% $1,500/kW
32%
30% $2,000/kW
$1,000 $2,000
Capital Cost ($/kW)

Figure 2. IGCC LHYV Efficiency vs. Capital Cost

The gas turbine is a critical part of the combined cycle system and, in turn, also for the IGCC
system. So-called industrial gas turbines were developed based on aircraft jet engines and the first
gas turbine was operated in the U.S. in 1949. The gas turbine was rapidly developed during the
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1950s. Until the 1960s, gas turbine technology was mostly used as a simple cycle for peaking
purposes, since a gas turbine can be put on-line quickly without disturbing the normal operation
of a base-load plant. During the 1960s, gas turbine technology became more efficient and more -
flexible for both intermediate-load and peaking service.

During the oil embargo of the 1970s, when dependency on foreign imports of petroleum was a
problem in the U.S., larger gas turbines were successfully operated on natural gas and fuel oils in
combined cycle mode. Gas turbine combined-cycle efficiency was also improved and by the
1980s, total combined-cycle net efficiency reached 45 percent LHV, which was about 10 percent
greater than pulverized coal-fired power plants.

The first stage of IGCC development was marked by the Coolwater Project which featured a
Texaco gasifier and a low-temperature cleanup system (CGCU) in combination with a General
Electric 7E gas turbine and steam turbine IGCC system. Coolwater operated from 1984 to 1989
at a 100-MW scale, and demonstrated the viability and the excellent environmental performance
of IGCC. This spurred development of several different gasification systems that are now
commei'cially available. The Texaco gasifier, low-temperature cleanup system, and combined-
cycle system used at Coolwater are now being improved and demonstrated on a much larger scale
in the Tampa Electric IGCC Clean Coal project.

Combined-cycle net efficiency in the 1990s approaches 55 percent LHV. Gas-turbine combined-
cycle technology has emerged as a leader for both base-load and peaking service for the
production of power at low cost in high reliability and low maintainability operation. Further
development and improvements in advanced gas turbine technology are expected to raise
combined-cycle net LHV efficiencies to the 60 percent-plus range. IGCC power plant efficiencies
account for about 80 percent of the combined-cycle system efficiencies that are used in the IGCC
systems. Therefore, the net efficiencies of future IGCC systems could be close to 50 percent
LHYV (Figure 2). ‘

Current commercial IGCC systems have demonstrated exceptional environmental performance at
high efficiencies compared with the pollutants emitted from conventional coal-fired plants.
Unparalleled success has been shown in reduction of SO, and NO, emissions and in particulate
removal. SO, and NO, emissions are less than one-tenth of that allowed by New Source
Performance Standards environmental control limits. While this level of environmental
performance is not presently required in all world markets, the trend in all areas is for tighter
environmental controls in the future. Thus, IGCC Technology is a safe hedge against future
uncertainty.
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Today’s mature IGCC technologies have net efficiencies that exceed 42 percent LHV. By
comparison, conventional coal-fired steam plants have increased net efficiencies from 27 percent
LHV 50 years ago to 36 percent HHV net (at best), and supercritical PC steam plants to 38
percent HHV net to meet the requirements of the 1990 Clean Air Act Amendments today.
Conventional PC and supercriticai PC plants are limited to the efficiency of the Rankine (steam)
cycle, while IGCC plants take a step up in efficiency by combining the Rankine cycle with a
Brayton (gas) cycle.

The capital cost of today’s proven IGCC technology ranges from $1,400 to $1,600 per kilowatt
in new power plant installation based upon “F” class turbine technology. Current conventional
IGCC with low-temperature cleanup system and “G” class turbine technology is expected to yield
45 percent efficiency (LHV) with costs $200 less than the case with the “F” class turbines. The
same system with the “H” class turbine technology would yield 50 percent efficiency and $400
lower cost per kilowatt than the “F” class turbine technology.

More advanced IGCC systems, featuring currently-available technology and “G” class turbines
under development and demonstration today for commercialization after the year 2000, target net
efficiency levels of up to 45 percent LHV and reduction of capital costs to $1,200 per kilowatt.
These advanced IGCC systems will differ from those commercially available today in that they
may use hot gas cleanup at 800 to 1,200°F, with air-blown gasifiers operating at 1,800°F. The
lower capital costs and increased efficiencies will lower the cost of electricity, while maintaining
the exceptional environmental performance.

Improvements in gas turbine technology and advanced gasifier systems will mark the development
of IGCC systems that will show net system efficiencies of 50 percent LHV by the year 2010 or
earlier. The exact timing will depend upon the cost and availability of natural gas. Innovations
from DOE’s Advanced Turbine System program will be adapted to coal gas, allowing higher
efficiencies, and by 2010, capital costs are expected to be even lower at $1,050 per kilowatt.
Given the expected price rise in other fossil energy fuels such as natural gas, the future IGCC
system will not only be superior in cost of electricity versus conventional coal power plants, but
also will be competitive with natural-gas combined-cycle plants in environmental performance.

Benefits of IGCC for Utilities

In addition to superior environmental performance, high efficiency, potential lower capital costs,
and lower cost of electricity, IGCC systems have several other benefits that are important to
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utilities making decisions about new power generation capacity. IGCC technology is suitable for
repowering existing power plants. Adding a gasifier and gas turbine to the steam turbines and
other miscellaneous systems of an older power plant allows major improvements to plant
performance without the total cost of a green field (entirely new) facility. Repowering can
dramatically reduce a plant’s pollutant emissions and increase the generating capacity up to 250
percent.

Many gasifiers are fuel flexible; that is, they can gasify high or low-rank coals and many other
carbonaceous feedstocks. IGCC systems can also allow fuel flexibility through staged
construction. For example, a first-phase installation might include only a gas turbine that would
burn natural gas to meet topping loads (intermittent use). Adding a steam turbine would create a
combined cycle system, which would increase plant output and efficiency when needed. A third
phase of installation would integrate a gasifier and gas-cleanup system when justified by low coal
prices, lack of natural gas availability, or the need to convert the plant to base-load capacity
(constant use). The small footprint and modularity of several gasification systems make them
ideal for this application.

Other environmental advantages of IGCC systems include low water use and low carbon dioxide
(CO,) emissions. The water required to operate an IGCC plant is only 50-70 percent of that
required to run a pulverized coal plant with an FGD system. Because their higher efficiency
translates to less coal consumed per unit of power produced, IGCC systems offer significant
reductions in total CO, emissions.

Mature IGCC systems also have the advantage of high throughput and large power production
from a single train (system). Circulating fluidized bed combustion (CFBC) systems are generally
limited to less than 100 MW per train because they operate at atmospheric pressure. IGCC
systems, on the other hand, provide up to 300 MW per train. Although pressurized fluidized bed
combustion (PFBC) systems overcome this limitation by operating at high pressure, none are '
commercially available today. After the year 2000, CFBC systems could produce 250 to 300 MW
per train. However, IGCC systems should produce 450 to 550 MW in single train.

Currently available IGCC systems offer considerably improved RAM (reliability, availability and
maintenance) performance, making them attractive for base-load power generation. Today’s
pulverized coal plants have availability rates of 60 to 80 percent, while IGCC systems have
greater than 90 percent availability.
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Waste disposal is minimized by the production of salable by-products. Ash and other trace
elements are melted in the IGCC system, and when cooled, they form an environmentally safe,
glass-like slag that can be used in the construction or cement industries. Sulfur in the coal can be
captured by the gas cleanup processes and turned into marketable elemental sulfur or sulfuric
acid. The waste disposal stream is minimized by gas—cleanup systems that employ reusable
sorbents to remove the sulfur from the coal gas. By contrast, FGD in traditionai coal-fired plants
uses sulfur sorbents that require large amounts of solid waste disposal;

IGCC technology can also be much more than just an electricity generating system. The coal
gasification process can be diverted to co-produce such products as methanol or gasoline fuels,
urea for fertilizer, hot metal for steel making, and chemicals. The large quantities of low-level
heat available in the IGCC system make it ideal for co-generation use in manufacturing processes
that require steam, such as paper mills, or in district heating.
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2. Short and Long-term Market Potential for IGCC in China

Bjorn M. Kaupang
General Electric International, Inc.
Hong Kong

Introduction

Global power generation markets have experienced a growing penetration of GT/CC technology
for oil and gas fired power generation applications. This is primarily due to the fact that the gas
turbine technology has reached higher and higher power densities with very high levels of
efficiency and reliability. The current technology levels of the GT/CC can now also be used to
lower the cost of electricity and increase environmental acceptance of fuels such as coal, heavy
oil, petroleum coke and waste products through the application of clean coal technologies.

Four different technologies are in various stages of development, including slagging combustors,
Pressurized Fluidized Bed Combustion (PFBC), Externally Fired Combined Cycle (EFCC) and
Integrated Gasification Combined Cycle (IGCC). At this point in time, the only technology
considered commercial is IGCC. )

Wide ranging research and development efforts have been focused on combining the fast growing
combined-cycle power generation technology with gasification using low cost fuels. The IGCC
technology has been proven through pilot plant and demonstration facilities. The technical/
environmental features and suitability for power generation plants were demonstrated in the
1980s. However, the economics were disappointing until the next generation GT technologies
became commercially available in 1990. As a number of IGCC projects were ordered for
commercial operation in the mid-1990s, some of them still with development support from the US
Clean Coal Technology (CCT) Program, we are on the threshold of demonstrating commercial
IGCC economic viability. Currently there are over 10 projects under various levels of
construction and start-up with commercial operation dates between 1996 and 2000.

The following discussion will focus on the potential penetration of IGCC technology into the
electric power system of the PRC. Current GT/CC technology will be assumed for the short-term
time period, including a full-size demonstration facility. Long-term penetration will be discussed
based on the next generation of GT/CC technology assumed as available for commercial |
operation around year 2000. The electric power system data used in this discussion was obtained
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from the publication “Electric Power Industry in China 1994” edited by Information Research
Institute MEP and published in 1994.

Power Generation Market Issues

On a world-wide basis, the market for heavy-oil and coal power plants is quite large, estimated at
around 350 GW of orders during the next 10 years. The characteristics of this market is
somewhat different for each region and country. These differences typically stem from regional or
country cost characteristics, population distribution, environmental concerns and characteristics,
type, cost and availability of fuels, and the availability of hydro and other renewable energy
resources. In particular, for segments where the concerns about the environment is strong, even
current IGCC technology will compete favorably with other generation technologies.

Efficiency and plant cost are the most significant factors to determine IGCC penetration, even in
environmentally sensitive segments, as they are the major factors in determining the cost of
electricity.

The current levels of GT/CC technology can compete where environmental concerns force
utilization of poor quality fuels and also where it is possible to take advantage of the IGCC
technology’s ability to co-produce chemical products like hydrogen or methanol in addition to
steam and electricity.

The next GT/CC technology level is expected to yield IGCC plants with economic characteristics,
like plant cost and efficiency, that would be superior to conventional coal-fired power plants in
many of the market segments. Table 1 below shows plant sizes, efficiencies and projected plant
cost levels for current and the next level of GT/CC technologies.

Table 1. IGCC Technology Reference Data

GT/CC Technology Plant Sizes Plant Cost Range Efficiency Range
MwW $/kW % (LHV)

Current 120 - 390 1400 - 900 40 - 46

Next Generation 460 - 550 1000 - 800 49 - 51

Data Source: General Electric Power Systems
Some regions and countries of the world have current plant cost and fuel cost levels where the
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“general conclusions above may not be appropriate. Plant costs for large field-constructed power
plants, like conventional steam plants and IGCC plants are affected by local labor and
manufacturing costs for components and systems that can be produced locally as well as the cost
of construction. In China, for an example, the cost levels of a coal-fired steam turbine power
plant with all in-country content have historically been well below the world average plant cost
levels for comparable plants. Flue-gas scrubbers for de-sulfurization have not been applied widely
in China which has also contributed to relatively lower plant cost levels. This will cause a slower
penetration of IGCC technology in China in the short term. The plant cost relationships between
IGCC and conventional steam coal plants in China is also affected by a current absence of
significant domestic gas turbine manufacturing capability. Future increases in the application of
air pollution abatement equipment, a narrowing trend in general cost levels and possible increased
domestic gas turbine manufacturing capability in China will likely contribute, over time, to relative
plant cost relationships similar to typical world averages. This will allow the IGCC technology to
compete more favorably with conventional coal-steam plants.

Generation Additions Alternatives in China

Installed generation capacity in China was approximately 183 GW in 1993. Thermal generation
was around 75 percent of this amount with Hydro power at 25 percent. Most of the thermal
generation consists of steam power plants burning coal. It is expected that over 15 GW in
generation capacity per year must be added in order to reach the projected 300 GW in generation
capacity around year 2000. The overall goal is to keep the 75/25 percent relationship between
thermal and hydro capacity. Nuclear power will continue to be added, but the vast majority of the
new thermal generation will be coal-fired.

With this scenario as a reference, there is likely to be more than 10 GW in coal-fired generation
added per year to the China electric power systems both short- and long-term. Additions of
IGCC technology to the China power systems should start around the year 2000. Initially, current
GT/CC technology should be the technology to be utilized, but as the next generation of GT/CC
technology gains operational experience on natural gas, the economies of scale gained from the
increased CC output is proven, starting late in this decade, the transition to IGCC plants utilizing
that GT/CC technology level should be happening smoothly. Technology programs to test and
assure the proper combustion of the coal-gas in the next generation GT/CC technology are
already in place and will be completed well before this technology is applied in and IGCC plant.

The long-range penetration of IGCC is likely to be supported strongly by generation economics.
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The IGCC plant costs, after the introduction of the next GT/CC technology is expected to be the
same or lower than a conventional coal-steam power plant with FGD equipment. The IGCC
efficiency (LHV) will be about 50 percent compared to around 38 percent for the coal-steam
plant, resulting in about 80 percent lower coal consumption due to the efficiency difference.

Operations and Maintenance costs are expected to be similar for the two generation plant options.
These economics should favor the IGCC option all the time.

In addition to economics the important characteristics of a power plant is reliability and
operational characteristics. These characteristics are normally not fully accepted before a proper
demonstration program has been conducted. Accordingly, for China, it is imperative to install and
operate a full scale IGCC demonstration facility as soon as feasible. As much as possible should
be learned from the current family of commercial operational IGCC plants to minimize the time
needed to become familiar with the operational aspects of the IGCC technology. Fortunately, the
current family of IGCC facilities are based on several different gasifier technologies and several
different fuels hence careful monitoring of the status of these facilities should allow China to get
the most experience possible out of the first IGCC facility. The first IGCC in China will be an
important step in the IGCC learning process also for other countries interested in the IGCC
technology. Success with the initial China IGCC facility needs to be recognized prior to a large
scale generation additions program for China based on IGCC technology.

Another issue of importance is the acceptance of the IGCC technology needed in the electric
power industry. This is not only true for China, but in many other countries as well. An electric
plant operator used to steam boiler technology will not automatically accept the introduction of a
gasifier plant as part of his operational responsibilities. Education and instruction in IGCC
operation and maintenance during the full-scale demonstration phase will be an important step to
achieve general acceptance of the IGCC technology in the regional electric power systems in
China.

As the acceptance of the IGCC technology increases, a general shift in domestic manufacturing
capability to provide gas turbines, heat recovery steam generators and steam turbines suitable for
combined cycle will be necessary. As mentioned earlier, this transition process is another factor
affecting the speed of introduction of IGCC technology in China. Initially, a relatively high
portion of imported components of an IGCC plant may be acceptable, but to allow optimum
penetration of IGCC technology in the electric power systems in China, a significant portion of
the plant equipment needs to be manufactured domestically.




Estimated IGCC Penetration in China, Short-term and Long-term

As mentioned in the discussions above, if economics alone would be the only determinant for
IGCC penetration, the penetration would approach 100 percent of the coal fired, base loaded
power plant additions after the first few years of the next century. In reality, it is not likely that
IGCC would exceed 25 percent of annual generation additions prior to year 2010. As GT/CC
technology continues to improve with increasing efficiencies and lower plant costs, relative to
conventional coal steam plants, IGCC penetration may go even higher than 50 percent of new
coal fired base loaded plant additions in the 2010 to 2020 period. Since it is not likely, however,
that any prediction today about the year 2020 will prove correct, the discussions above should be
looked at as a possible scenario as viewed from what we know and understand today.

Example of Power Generation Economics

A simple example of relative power generation economics will be discussed below. Since the
variations in plant cost and fuel cost are significant from one country and region to another, the
calculations below are for illustration purposes only. Plant costs and fuel costs will be treated
parametrically to allow the reader to use his or her own cost data to draw general conclusions
about the relative economic trade-off between conventional coal steam power plants and power
plants utilizing the IGCC technology. No credit will be taken for environmental performance
other than the assumption that the effects of FGD systems is included in the plant cost and in the
efficiency assumptions for the conventional coal steam plant. Operations and Maintenance costs
between the two alternatives are assumed equal when applying the conservative assumption that
the revenues from the potential sale of elementary sulfur and environmentally benign slag are part
of the net Operations and Maintenance costs.

The economic parameters used in this example are shown in Table 2 below. For the purposes of
comparison, the capital cost for a conventional coal-steam plant is assumed to be 1000 $/kW.
The capital costs for the two IGCC technologies compared with the conventional coal-steam plant
are treated as variables. The efficiencies for each of the plant options are shown as heat rate in
kcal/kWh. Coal-steam is assumed to have a net plant efficiency of 38 percent (LHV), the IGCC
based on F technology at 42.7 percent (LHV) and the IGCC based on H technology at 50 percent
(LHV). The other cost parameters are assumed to be the same for all the options.

Since the plant cost is the only variable parameter in these calculatidns, the results show the
allowable capital cost premium for the IGCC technologies to break even with a conventional coal-
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steam plant were based on levelized cost of electricity over a 25 year period. Values were
calculated for operating scenarios between 5000 and 8000 hours per year of operation. The
results of these calculations are shown in Figure 1.

Table 2 Economic Reference data

Generation Plant Cost Heat Rate Fuel Cost O&M Fixed O&M V’ble
Type o _LHV LHV "~ Cost - Cost
$/kW kcal/lkWh $/Geal $/kWiyr. mills’kWh

Coal-Steam 1000 2250 6.00 10.00 4.00
" IGCC F Tech variable 2000 6.00 10.00 4.00
IGCC H Tech variable 1700 6.00 10.00 4.00

All costs are assumed to inflate = 4%/yr.
Interest rate (cost of money) = 12%/yr.
' Study Period = 25 years

Figure 1

ALLOWABLE $/KW PREMIUM FOR IGCC
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As an example, the plant cost for an IGCC plant, assuming 7000 hours per year operation is 1,110
$/kW which is 110 $/kW higher than a coal-steam plant when considering current GT/CC
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technology. For an IGCC with the next generation GT/CC technology the break-even IGCC
plant cost would be $1,243/kW or $243/kW higher than a coal-steam plant. These plant cost
differences are caused by the improved efficiency of the IGCC plants only.

Conclusions

In conclusion, there should be strong economic and environmental reasons for significant
participation of IGCC technology in the regional electric power systems in China. The level of
penetration will be dependent on many factors, but a possible IGCC penetration scenario would
expect about 25 peréent of new coal-fired power plants to be IGCC by year 2010 with possible
higher penetrations in later time periods.

In addition to the economic benefits possible, a significant environmental impact is expected. The

emission of SO,, CO,, NO,, and particulates would be significantly improved and also the coal
burned would be substantially less, reducing the need for coal transportation.
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3. IGCC IN CHINA: Market Definition and Basis of Need

Dr. Carlos R. Guerra
Burns and Roe Company
Oradell, New Jersey, USA

Introduction
Development Schedule

The market potential for IGCC in China hinges on the Country’s goals of controlling emissions
from power generating plants and improving the efficiency of the electricity generating process.
Both goals are important to China. Emissions reduction because of China’s desire to minimize its
contribution to the Global Emissions Budget. Fuel conversion efficiency because of the ethics of
minimizing waste is of increasing importance in their planning of infrastructure systems.

These goals impact the following areas in the power industry in China:

1) New Plant Construction — New construction will need to increasingly consider the
application of the more effective emission control technologies — IGCC will likely
become gradually a leading candidate in this area, in particular in the larger power plants
in areas with access to coal of suitable composition.

2) Rehabilitation/Repowering of Plants in Non-Compliance with Emission Standards — It
is unlikely that IGCC will play a role in this area ahead of IGCC application in new
plants. However, the repowering approach is desirable and a survey of power plants
where there could be a good fit needs to be conducted in the near term (technical
feasibility and economic benefit considering existing equipment and plant layout).

3) Decommissioning of Plants in Gross Non-Compliance with Standards — This concerns
the smaller generating units (under 100 MW) in power plants which cannot be
considered for rehabilitation/repowering or conversion to heat-and-power cycles. The
accelerated decommissioning of these units is expected for fuel efficiency and
environmental reasons. These events will affect the generating capacity requirements in
China’s power grids and bring about new plant construction, which may or may not
involve IGCC.

4) Based on the above the market potential for IGCC in China (defined as actual IGCC
units operating in power plants) can be seen as a long term rather than a short term
development.
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Power Groups and Coal Quality

The overall power grid of China can be broken down into the following Power Groups, Provincial
Power Companies and Autonomous Regions:

1) North China Power Group 6) Shandong Provincial 11) Sichuan Provincial

2) Central China Power Group 7) Fujian Provincial 12) Yunnan provincial

3) East China Power Group 8) Guandong Provincial 13) Hainan Provincial

4) Northeast Power Group 9) Guanxi Provincial 14) Xinjiang Autonomous
5) Northwest Power Group 10) Guizhou Provincial 15) Xizang Autonomous

The coal mines in the Shanxi Coal Basin (e.g., Datong, Shanxi Province) and the Sichuan Coal
Basin; as well as mines in the East China Power Group (e.g., Huaibei), Shandong Provincial,
Central China Power Group (e.g., Kailuan) and Northeast Power Group (e.g., Fuxin, Fushun, Jixi
and Hegang) produce most of the high rank coal in China. It is in these areas of China that the
IGCC market initiation is expected to develop. .

Accordingly, to obtain a perspective on the nature of the potential IGCC market in China, it is of
interest to examine the energy picture in Asia, the role of China in the region, and the impact of
the energy conversion processes practiced in China on the worldwide picture.

Energy Demand Growth in China Relative to Asia And The World
Population Growth
The Asia region (both OECD" Asia and non-OECD Asia) represented 58.7 percent of the total

world population in 1990. It is projected that the population for this region will represent 57.8%
of the world's population in 2025. Exhibits 1 and 2 show the world population distribution for

Organization for Economic Cooperation and Development (OECD): Australia, Austria, Belgium, Canada,
Denmark, Finland, France, Germany, Greece, Iceland, Ireland, Italy, Japan, Luxembourg, Mexico, the
Netherlands, New Zealand, Norway, Portugal, Spain, Sweden, Switzerland, Turkey, the United Kingdom,
and the United States. This group of countries represented 17% of the world population in 1994.

Non-OECD Asia: Afghanistan, Bangladesh, Bhutan, Brunei, Cambodia, China, Fiji, French Polynesia,
Hong Kong, India, Indonesia, Kiribati, Laos, Malaysia, Macao, Maldives, Mongolia, Myanmar, Nauru,
Nepal, New Caledonia, Niue, North Korea, Pakistan, Papua New Guinea, Philippines, Singapore,
Solomon Islands, South Korea, Sri Lanka, Taiwan, Thailand, Tonga, Vanuatu, Vietnam, and Western
Samoa. This group of countries represented 52% of the world population in 1994.
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Exhibit 1 Exhibit 2

World Population Distribution for 1990 World Population Distribution Projection for 2025
57.8%
Asia Asia
F  South America South America
North and Central America North and Central America
Africa Atice.
[ NS . 8.1% NiS
g gz:::a g 1 Oceania
42% Europe
18.7%
Reference: World Resources, WRI, 1990 Reference: World Resources, WRI, 1990

1990 and projections for 2025.

The world population is expected to increase by more than 2 billion people between 1990 and
2010. Exhibit 3 presents the distribution of population for 16 selected Asian countries. China
and India lead the list of countries with the biggest population. It is expected that the population
in China and India will increase by 23.9 and 40.9 percent respectively by the year 2025. Increased
energy availability and consumption for this burgeoning population will lead to corresponding
increases in overall standards of living, with corresponding impacts to be addressed as a result of
this growth environmental, energy efficiency, etc.

Energy Consumption in Asia

World energy consumption is undergoing continued growth and change in regard to energy
sources and means of utilization. World energy consumption is projected to increase from 346
quadrillion Btu (quads) in 1990 to 472 quads in 2010. Recognizing that growth is faster in certain
regions versus others, as an average, this represents more than a 1.6 percent increase annually on
a world-wide basis.

Energy Consumption by Country

The largest gains in energy consumption are expected in Asian countries with rapid economic
growth. Among the larger countries in the region, China and India, as the two largest, have
pursued aggressive policies to encourage economic development and are expected to continue
these policies through 2010. Based on this assumption, Exhibit 4 shows that China will reach
55.6 quads of total energy consumption by 2010.
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Exhibit 4
Total Energy Consupmtion for Asia (Non-OECD), 1990-2010
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Energy consumption in the non-OECD region is expected to grow by 1.8 percent annually over
the 1990-2025 period. Energy consumption has increased more rapidly in the non-OECD
economies relative to those of the OECD since 1970. As a result, non-OECD consumers will
account for about 50 percent of the total world energy consumption by 2010.

The industrial and residential energy sectors are still the major energy consumption sectors in the
Asian region. Exhibit 5 presents figures showing that China and India were the leaders in 1990
energy consumption in the industry sector category, which amounted to 354 and 67.6 million
TOE, respectively. China, South Korea, India, and Indonesia proved to be the largest energy
users in the residential/commercial consumption sector in the region during 1990.

Significant growth is expected in the transportation sector, which is relatively underdeveloped at
present. In the residential sector, additional growth is expected to result from energy use shifts
such as replacement of non-commercial fuels, e.g., plants and animal wastes, by conventional fuels
such as propane and other fuels when more advanced heating and cooking equipment is adopted
in some of these countries. China and several other countries in the regioh are expected to
continue to have rapid growth in economic activity, accompanied by rapid growth in energy
consumption.

Energy Consumption by Fuel

Between 1970 and 1990, energy consumption in the world increased by approximately 140 quads,
reflecting an annual growth rate of 2.6 percent. During this period, oil provided the largest share
of energy supply, but its share of total energy has been declining. Among the fossil fuels, natural
gas consumption rose most rapidly. The share of non-fossil fuel consumption rose substantially,
from 6 percent to 13 percent, between 1970 and 1990.

As shown in Exhibit 6, coal and oil contribute the largest share of energy supply in non-OECD
Asia. By the year 2010, total energy consumption is expected to be 52.8 quads for coal and 34.6
quads for oil in this region. The projected figures for 2010 represent almost a doubling of the
1990 energy consumption figures.

Coal - Coal remains one of the major world energy sources in terms of primary energy
consumption as shown in Exhibit 7. The amount of coal consumed in Asia is expected to increase
very significantly over the period 1990-2010. Increased coal use in China alone is expected to
account for more than three-fourths of the projected increase. Coal consumption worldwide in
2010 could be as high as 7,379 million tons.

Exhibit 8 demonstrates the distribution of indigenous energy production and energy imports for

selected Asian economies. The projected exceptional economic growth in this area will give rise
to large coal imports for those economies.

105




Exhibit 5
Final Energy Consumption for 1990
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Exhibit 6
Total Energy Consumption by Fuel for Asia (Non-OECD), 1990-2010
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Exhibit 7
Total Coal Consumption for Asia (Non-OECD), 1990-2010
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Exhibit 8
Energy Availability for 1990
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China accounts for more than 80 percent of the growth in the region. Both India and China are
expected to implement large construction progranis for new electric power generating plants in
the future. China may use imported coal for some regions because doing so may well be more
economical than mining and shipping its own coal to the sites of the new generating units.
Indonesia and China, Asia's own coal export suppliers, are making considerable advances in the
export market, and are thus already well-positioned to benefit from plans for expanded coal
consumption in the Asian market.

As a result of fast-paced economic growth in the region, coal consumption is expected to grow
most rapidly in non-OECD Asia, which is projected to account for 44 percent of total world coal
consumption by 2010, compared to 31 percent in 1990. Consumption in the Asian region is
projected to grow by 84 percent from 1,581 to 2,904 million tons between 1990 and 2010.

China, alone, is expected to increase its coal consumption by 1,103 million tons, nearly doubling
the current level of domestic consumption. Assuming no change in fuel use policies in China, coal
'should continue to provide close to three-quarters of all energy consumed there in 2010. In Asia
overall, coal imports are projected to rise during the next two decades, from 184 million tons in
1990 to 385 million tons in 2010.

Oil — In brief the projections for oil resources worldwide as of 1991 are as follows:

Place Billion barrels

Persian Gulf 483-620
North America (including Mexico) 139-281
Russia and Eastern Europe ‘ 130-274
Far East (including China) 81-198
South and Central America 75-136
Western Europe 45-78
Australia and New Zealand 4-13

The projected growth in oil consumption for non-OECD Asia is expected to average 3.9 percent
per year for the region over the 1990-2010 period. China’s oil consumption is expected to grow
by 2.8 percent per year, from 2.3 to 4.0 million barrels per day. Exhibit 9 shows a detailed
breakdown of recoverable reserves of crude oil in Asia.

Whereas world coal resources of significant scale are probably fairly well known — although
revised assessments of new mineable coal deposits do come up periodically — the oil and gas
exploration industry is continually and aggressively looking for major new finds. In the 1980s,
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Exhibit 9

1987 Crude Qil Recoverable Reserves for Selected Countries
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with a few exceptions, major new finds have proved elusive in new areas, where oil reserves
appeared promising but unproven. In the 1990’s, the oil exploration industry seems to have
shifted gears and appears to be concentrating in incremental production from areas where oil has
already been found. In the greater Asia region, these efforts seem to be focused on locations in
Russia, Kazakhstan, Indochina, China (onshore) and others.

The transportation sector, the chemical and other industries, and certain power generation and
heating/cooling applications using diesel-type fuels will continue to depend on oil for the
foreseeable future. Oil demand for these type of users, in particular transportation, is expected to
accelerate in the Asia region. This demand together with the expected constraints in the local
refining infrastructure will limit the use of oil as a fuel for power generation.

Gas — A number of relatively recent events in the worldwide energy industry are likely to figure
prominently in the future of natural gas and its increased use for electricity generation.
Technological advances concerning system efficiency in gas-fired power generation and the
environmental advantages of natural gas make it an attractive fuel for China and other Asian
countries which currently rely heavily on coal.

Exhibit 10 shows a detailed breakdown of known resources of recoverable natural gas in Asia. In
this region, natural gas has been gaining increasing importance as a fuel and feedstock to industry.

Developed countries like Japan have been importing gas from local Asian sources and the Persian
Gulf for power generation and industrial uses. This gas has been committed through long term
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Exhibit 10

1987 Natural Gas Recoverable Reserves
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contracts. Less developed countries are planning to accelerate industries such as plastics
production and others, which utilize gas as feedstock, as well as to utilize it for power generation
blocks to quickly meet electricity shortfalls.

The capital requirements for gas transmission (pipelines) or transportation (liquefied form) are
expected to localize the availability of gas for energy and industry users to the large bulk buyers
with long term commitments and the users near the gas producers in the region. With a few
significant exceptions, such as the proposal for a pipeline traversing South East Asia (feeding
from fields in Malaysia, Indonesia and Brunei) — or longer term pipeline concepts bringing gas
from Central Asia, Siberia or even North America — gas may not be readily available to significant
areas of the Asia region.

Most of the world’s liquefied natural gas (LNG) trade has centered in the Asia/Pacific Rim region,
which accounts for about three-quarters of all LNG trade. Indonesia, Malaysia, and Australia are
the primary exporters, and Japan, South Korea, and Taiwan are the main consumers. These six
economies will most likely remain the centerpiece of LNG trade. Although neither country will
operate at a level comparable to those mentioned above, both Myanmar and Thailand have the
potential for significant growth in natural gas production. China has substantial gas reserves, and
its clean-burning qualities make it an attractive alternative to coal where applicable. Significant
efforts are also being dedicated by China to exploit natural gas associated with coal beds. This
could amount to a large supplemental gas source.
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Nuclear — China, South Korea, Taiwan, India, and a few other economies in Asia are currently
operating nuclear power plants and have major programs for nuclear expansion. With the
exception of South Korea, these programs are small, relative to their in-country energy demands,
but are expected to grow in the future. By 2010, additional programs are expected to be
operating in the Philippines and North Korea. Nuclear capacity for the region is projected to be
between 27.7 and 35.7 gigawatts by 2010.

Renewable Energy — Asia is projected to experience fast-paced growth in consumption of
hydroelectricity and other renewable resources. In non-OECD Asia, consumption of these
resources is expected to more than double between 1990 and 2010, from 3 to 8 quads. Many
countries in the region have relatively large hydroelectric resources. China’s consumption of
renewable resources in 2010 is expected to be more than three times its 1990 level. Most of the
increase in its consumption of renewable energy is attributable to hydroelectricity.

Exhibit 11
1987 Hydroelectric Installed Capacity
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It is evident that Asia has significant hydroelectric potential, which however will need to be
carefully examined in planning its development. China has large hydroelectric development
potential; according to some estimates, more than 350 gigawatts. Exhibit 11 shows a breakdown
of Asian hydropower resources.

Other than hydropower, wind and solar energy resources are expected to play a significant role in
the supply of energy, particularly to dispersed communities and users which account for a
significant fraction of the demand in the region. Windpower development in particular offers
much potential for many countries in the region.
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Energy Production and Fuels for Power

Exhibit 12 provides the distribution for different fuels as primary energy supply sources for 1990.
China and India lead the list of Asian countries with coal as their primary energy supply fuel, with
514.96 and 100.83 million TOE, respectively. South Korea, Indonesia, and Taiwan have oil as
the primary energy supply source.

The 1987 electricity production for selected Asian economies by the type of generation is
presented by Exhibit 13.

Carbon Dioxide Emissions

Almost half of all carbon dioxide (CO,) emissions come from coal use. In 1990, on a world-wide
| basis, CO, emissions from coal use were 2,343 million metric tons. By the year 2010, it is
projected that total non-OECD CO, emissions from coal use will be approximately 1,352 million
metric tons.

Exhibits 14 and 15 show total CO, emissions for Asia and total carbon dioxide emissions from
coal use. China is estimated to have produced 1,145 million metric tons of CO, emissions in
1990. The CO, emissions are expected to increase by the year 2010 to about 2,248 million metric
tons. However, the application by China of power generation processes such as IGCC which
provide improved control of emissions and fuel efficiency will go a long way to improve the
overall emissions picture on a worldwide scale..

Conclusions on Market Potential for IGCC in China

It appears evident that the market potential for IGCC in China is substantial particularly in the
longer term (15 to 20 year horizon). However, the realization of this potential will depend on the
availability of project financing. China and the US have taken some significant steps in
collaborative efforts to initiate IGCC planning for China’s power systems. However, because of
project financing requirements, it appears necessary to bring into the discussion and planning
process multilateral financial organizations such as the Asian Development Bank and the World
Bank.




Exhibit 12
Primary Energy Supply for 1990
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Exhibit 13

1987 Electricity Production for Selected Asian Economies
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Exhibit 14
Total Carbon Emissions for Asia (Non-OECD), 1990-2010
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Exhibit 15
Total Carbon Dioxide Emissions From Coal Use, 1980-2010
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4. The Potential Impact and Benefits on Global Environment of US IGCC Technology in
China

Dr. Y. K. Ahn
Parsons Power Corporation
Reading, Pennsylvania, USA

Potential Impacts of IGCC Adoption in China on the Global Environment Based on the
Reduction of Polluting Emissions S , o

The very rapid movement of China to use coal for power production presents a real concern
about local and global environmental impacts. If new information on global warming increases
the importance of controlling CO, emissions, the impact could be even more dramatic. Chinese
power plants do not have even the most rudimentary pollution control devices for controlling SO,
or NO, which are common in most developed countries. Therefore, whatever China does in the
future concerning coal burning power plants will have a global impact.

China’s energy consumption, dominated by coal, has resulted in serious air pollution, including
urban particulates, acid rain area expansion and large greenhouse gas emissions. In north China
particulate concentrations are 4-6 times higher than the level declared by the World Health
Organization. In one-fourth of the cities in north China the SO, emissions are three times the
national standard. China is the third largest greenhouse gas emission country in the world as a
result of coal combustion for energy. With the increase of energy consumption, particularly the
increase of coal utilization, pollution from energy will further increase in the future. A series of
policies and regulations have been promulgated to alleviate this condition including strategies to
use clean coal technologies. Of these technologies, IGCC is the least polluting.

According to various energy reports, China is in need of adding 17 GW of new generating
capacity per year for at least the next 10 years. The demand for electricity is now outrunning
supply by more than 20 percént. China is said to be planning to meet this need by increasing its
generation capacity from the current 165 GW to 265 GW in ten years. This is equivalent to
adding two hundred, 500 MW IGCC plants. While this is not possible, projections have been
made for the projected market share of IGCC plants to the year 2020. The market share could
be:
0% 1996 to 2005
2%-3% 2005 to 2010 (1 to 1.5 GW or 2-3, 500 MW IGCC plants)
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5%-10% by 2015
15%-20% by 2020

If the 15 percent estimate is realized, the market could be more than 3,000 MW of IGCC power
plants. In addition, it is known that IGCC is an effective technology for repowering old coal
buming power plants by adding a gas turbine and gasifier to the existing plant using the existing
equipment and structures. It is also a low cost method for increasing capacity and lengthening the
technological and economic life span of old plants, avoiding large investments of building new
plants.

Table 1 provides the production of electricity by country and the estimated growth of power
production. This table is shown to give some idea of the relative effect China’s power production

can have on global environment issues.

Table 1. Electric Power Production

Electric Power Growth, Growth
Production Percent 10° kWh/yr
10° kWh

World Total 11,771.0 427.8

United States 3,040.9 78.8

Russia 1,726.0 50.5

China 621.6 46.8

India 286.0 26.1

South Africa 166.7 10.7

Indonesia 443 53

Czech-Slovakia 89.3 : 1.9

Bulgaria 413 0.7

Hungary 28.4 0.5

Since roughly 75 percent of China’s power is produced by coal, any improvement in the emissions
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of pollutants by technology changes can have a significant impact on the global environment. The
use of IGCC, which is currently the cleanest advanced power producing technology, (see Table 3)
can reduce the negative impacts of China’s emissions further than other competing technologies.

Economic and Social Benefits of IGCC Demonstration and Adoption in China for Power
Generation

China needs big power increments and is willing to participate in an IGCC demonstration,
although timing and financing are not clear. There are additional benefits that would result from
the use of IGCC in China for power production apart from the obvious superior environmental
characteristics as compared to other coal burning systems.

Water is scarce in China. IGCC plants use comparatively much less water (30 to 50 percent) than
other coal burning technologies. These plants can be constructed in areas with low water
resources where conventional plants cannot be operated. Because of lack of transmission
capability, this can mean that power can be added to places where insufficient water resources
prevented the installation of large power plants. Economic development in rural areas depends on
availability of commercial energy.

IGCC plants have high availability, 85 percent as compared to 50 to 70 percent now typical for
Chinese power plants. IGCC plants will be dispatched first which will reduce the amount of
brownouts and blackouts being experienced on a frequent basis in all sections of the country.
Economic growth and public welfare are hampered by the country’s frequent blackouts. The
main benefit of new power plants in today’s China market is stopping the blackouts.

IGCC plants can operate with a wide variety of coals and biomass which could help solve waste
disposal problems.

Advanced IGCC plants will be available within ten years that will have efficiencies of up to 50
percent while maintaining unmatched environmental performance, including greater potential CO,
benefits.

IGCC can be started incrementally in phased construction by installing a natural gas fired gas
turbine followed by combined cycle, followed by installation of a gasifier. This can reduce the
initial cost and have other financial benefits. One benefit is that developers can get into the
market with little initial capital cost. In China, which does not have abundant supplies of natural
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gas, this is less of a benefit.

IGCC, which is capable of utilizing relevant new technology, offers good prospects for new and
advanced technology industries, such as subcritical/supercritical IGCC using advanced turbine
technology with high steam parameters, the IGHAT with high efficiency and low cost by using
humid air, and the advanced IGFC-CC by using fuel cell technology.

Identification of Technical and Economic Risks Associated with the Use of IGCC Technology
in China :

The gasification of coal is not a new technology. Various coals and biomass have been
commercially gasified for many years to produce town gas and chemicals. In China, Texaco and
IGT have supplied gasifiers for the production of chemicals for fertilizers and other uses.
However, gasifiers have not been used for power production in China and no demo plants have
been planned for IGCC power plants. The acceptance of IGCC chemical plants by utilities would
be a concern in China as it is in the U.S. Additionally, China is inclined to favor entrained bed
gasifiers, oxygen blown. Even with cold gas cleanup, this technology would have to be
demonstrated in China using Chinese coals before it can be considered for a large power
producing plant. A 50 MW IGCC power plant is planned to be installed by 1997 by Shanghai
Coke and Chemicals. This would be a very small IGCC plant and may use the existing low
pressure U-Gas gasifier.

There are other technical considerations that apply to IGCC plants as well as other technologies.
While there are abundant supplies of coal and mining capability in China, the transportation
infrastructure is liable to limit its use in areas that need additional electric power. Power is needed
in the coastal areas but the coal sources are far from the coast. Mine mouth plants are a
consideration but transmission and distribution lines are not as extensive as in developed
countries. Therefore the location of a large IGCC power plant becomes an important
consideration. Even after locating and installing a large plant the reliable delivery of coal to the
plant is questionable and could be a risk which is usually not a concern in other countries.




Texaco has recently signed an agreement to provide nine coal based gasification plants for
fertilizer production. There are now fourteen Texaco gasification plants in China and eight of
them use coal. The first was licensed in 1978. This experience will assist in proving the
applicability of gasifiers using Chinese coals; however these are not IGCC plants. Texaco has
over 20 licenses to put gasifiers in China and at least one company is approved to do engineering
work.

Commercially, the Texaco gasifier is offered with a quenched gas, producing some power level
steam and a clean particulate, alkali, and ammonia free gas. When oxygen blown, the gas has a
HHYV of 300 Btu/scf, a suitable for combustion in a gas turbine without preheating. This gasifier
combined with a Selexol to remove H,S, and a GE Frame 7F GT in combined cycle can produce a
net 300 MW of power. This system demonstrated using some Chinese coal would be
commercially guaranteed and is a near-term IGCC option.

From the standpoint of the Chinese, who would be purchasing a large power producing IGCC,
once a demo plant has been operated satisfactorily there would be no technical or economic risks
that would be of great concern even though IGCC promoters in China have expressed the usual
concerns such as commercial availability, technical guarantees, capital costs and COEs, gas
turbine life when burning low Btu gas, low sulfur coal use and competition with other
technologies. However, the Chinese do not have the ability to finance the new power plant
projects and would have to rely on vendors from other countries to provide technology, expertise
and funds. Chinese officials have said that they plant to spend $200 billion for power plants by
2010, much of it with foreign financing. These financiers/vendors would be faced with a number
of problems which would be considered risky. These include:

government policies,

a too rapidly expanding economy,

guarantee of fuel supply and delivery,

reliable operation by Chinese personnel,

timely approvals and permitting by three levels of authorities,
currency conversion,

differences in contractual policies,

unfavorable rate of return,

financing from provincial or foreign sources,

much of the added capacity will be built on a build-operate-transfer basis (BOT)
lower productivity of Chinese labor,
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. lack of respect for intellectual property,

° foreign ownership cannot exceed 49 percent.

Finally, the IGCC vendor will have to compete in a very competitive international market which
might result in bidding with less of a contingency in order to get the first project. U.S.
manufacturers would need to get the price of IGCC down to $800 to $900/kW in order to
compete.

The Chinese have formed a Clean Coal Commission and a program called Agenda 21. The focus
of this agenda is to implement IGCCs in China in 20 years. A key question is to determine
whether an IGCC should be installed in the next 5 to 10 years or wait until later. The Agenda 21
schedule showed a completion date of 1995 for a pre-feasibility study and a solicitation in 1996.
This schedule has been changed because of funding problems and the status is not known.

Potential Impacts of IGCC Adoption in China on the Environmental Externalities Associated
with Polluting Emissions

While it is extremely difficult to quantify the potential economic impacts of pollutants on the
economy of a country some attempts have been made. In a study done for an eastern European
country, monetary values corresponding to the costs of damages to the population and to the
environment were estimated. These are shown in Table 2. Cost data like this is used in economic
analyses to compare and evaluate technology options. Because IGCC emits much less of the
pollutants compared to conventional PC plants and fluidized bed coal combustors, these external
costs would favor IGCC over the other options.

Table 2. Environmental Costs

Item External Cost
CO, USS$ 25/ton
SO, USS$ 590/ton
NO, US$ 300/ton
Dust US$ 2,590/ton




Table 3 shows the emissions from a supercritical PC boiler and an IGCC. Both use advanced
methods for pollution control. It is clear that IGCC emissions are less than PC plant emissions.
In China the PC boilers have essentially no pollution controls. The emissions from Chinese PC

plants are not known.

Table 3. Comparative Emissions

Item Supercritical PC (65% CF) Oxygen Blown IGCC (Destec).
1b/10° Btu 1b/10° Btu

SO, 0.34 0.04

NO, 0.30 0.08

Dust 0.004 0.004

Co, 2043 204.3

A further comparison of emissions from IGCC and conventional PC plants is given in table 4:

Table 4. IGCC vs. PC

Technology Cost $/kW Potenﬁal reductions Efficiency
(% change)
()

so, NO, CO, (*4)

Pulverized coal with 1,500-1,800 90-95 60 NA 33-35
emission controls

IGCC (Greenfield) 1,100-1,300 95-99 90 20-40 39-47

IGCC (Repowring) 950-1,200 95-99 90 20-28 39-42

The advantages of using IGCC technology for new power production, as far as impacts of
pollutants is concerned, is obvious as the above tables indicate. Until emission regulations are
promulgated and enforced in China, the true cost impacts cannot be estimated. If future emission
regulations in China for coal fired power plants are less severe than those in other industrialized
countries, then the cost of IGCC versus more polluting technologies may not be justified.
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5. U.S. Electric Utility Perspective of IGCC Technology

Charles R. Black
Stephen D. Jenkins
TECO Energy, Incorporated
Tampa, Florida, USA

Introduction

Integrated Gasification Combined Cycle (IGCC) technology has become a reality in the U.S. for

_ power generation. With one unit in operation, and two more in the final phases of construction,
there will soon be over 600 MW of IGCC at a commercial scale. This paper looks at IGCC from
the perspective of a utility company in the U.S. Subjects covered in this paper are: 1) efficiency
benefits, 2) emission reductions, 3) fuel flexibility, 4) by-products, 5) repowering, and 6) new
unit additions. A description of Tampa Electric Company’s Polk Power Station IGCC Project is
also covered.

Technology

During the 1960-1970 high-growth period in the U.S., the amount of installed capacity doubled
from 190,000 MW to almost 400,000 MW. The prevalent choice for power generation was large
pulverized coal-fired steam generating units, with sizes up to 1,000 MW. With these large units,
the electric4utility industry realized its most efficient power generation year during 1968. During
the period 1970-1984, much more capacity was installed, almost doubling again. During that
period of time, the electric utility industry was made subject to an ever-increasing number of
environmental laws and regulations, covering emissions of air, water, and solid waste. The
addition of flue gas desulfurization systems and electrostatic precipitators for fly ash removal
caused significant decreases to generation efficiency. Using coal and meeting stricter
environmental standards became more costly and difficult.

Combustion turbine technology has been available to electric utilities for many years. Since they
were primarily used for peaking power needs, the low efficiency and high fuel cost were not a big
concern. Recent developments from the aircraft engine industry have highlighted fuel diversity
and efficiency. Many new installations are taking advantage of 150-200 MW (at 60 Hz)
combustion turbines with efficiencies of 40 percent in simple cycle operation, and well over 50
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percent in the combined cycle mode. Many of the newest power generation installations in the
U.S. have utilized natural gas-fired combustion turbines in the combined cycle mode. With low
gas prices, combustion turbines have become the technology of choice for most new installations.

Gasification technology has been available for many years in the chemical industry, but is very
new to the electric utility industry. During the 1970's and 1980's, the U.S. faced oil supply crises,
and the government and industry realized that the growing dependence on foreign oil was a
strategic disadvantage for the U.S. Research expanded quickly into technologies that could utilize
the vast coal resources in the U.S. The ability to convert low cost coal into a clean gas and then
burn it in an efficient combustion turbine/combined cycle was seen to have significant potential for
solving energy strategy concerns. '

During the late 1980's, the Cool Water Gasification Project became the first IGCC unit in the U.S.
Its purpose was to demonstrate the integration of coal gasification technology with the
increasingly efficient combined cycle technology. Several years of testing proved that IGCC was
technically successful, and that it was available for commercial development for large power
generation projects. With decreasing coal prices, and increasing prices for natural gas, utilities
began to seriously evaluate IGCC. The Department of Energy’s Clean Coal Technology Program
gave IGCC its entrance at the large, commercial scale.

Efficiency Benefits

Even with the use of supercritical pressure operation, and improvements to steam turbines, the
large, pulverized coal units still can only reach about 40 percent efficiency. Through the use of
the very efficient combustion turbine technology, IGCC now offers efficiencies greater than 40
percent, with 45 percent expected in the next few years. The average heat rate for U.S. steam
electric generating units is 10,568 Btw/kWh. The IGCC projects being developed under the Clean
Coal Technology Program have design heat rates in the range of 8,500-9,000 Btu/kWh.
Therefore, IGCC can offer 10-20 percent greater overall efficiency than other commercially
available technologies. In a business environment that is becoming more competitive, greater
efficiency and lower fuel costs can provide many benefits to an electric utility facing increasing

gas prices and an aging fleet of generating units.




Emission Reductions

The Clean Air Act Amendments of 1990 require major reductions by utilities of SO, and NO,.
These reductions will total about 10 million tons of SO, and 2 million tons of No,. The
reductions will be accomplished in two phases. Phase I began in 1995, when reductions were
required at 110 power plants. For the most part, these were the largest units in the country,
burning high sulfur coals. Most of these units were able to comply with the reduction
requirements by switching to low sulfur coals. Others installed flue gas desulfurization (FGD)
systems. -

Phase II will begin in 2000, and will affect essentially all of the utility generating units in the U.S.
The sulfur reduction requirements are even greater than in Phase I and will require major changes
to either fuel type or the addition of very efficient FGD. However, there will be many older units
where FGD will not be cost effective for a short remaining life. The acid gas removal systems
used in IGCC recover sulfur compounds more efficiently than the limestone based flue gas
desulfurization systems commonly used on coal-fired units. Research and development on zinc-
based hot gas cleanup technology may provide hydrogen sulfide removal .approaching 99 percent.
IGCC technology provides the additional benefit of allowing a utility to continue to use low cost
high sulfur coal, while achieving very high sulfur removal efficiency. This will allow utilities that
are considering retirement of an older unit to repower it with the same or higher output, and
comply with the Clean Air. Act Amendments.

The IGCC process is also inherently low in NO, emissions. Due to the burner enhancements
being made on combustion turbines, NO, emissions below 10 ppm are available with natural gas
firing. Development of combustors to burn syngas with these low levels is proceeding quickly.
NO, control with IGCC is very effective when using nitrogen injection from the air separation
plant. Nitrogen injection cools the flame, reducing NO, formation, so that downstream removal
technologies such as selective catalytic reduction (SCR) are not needed. This allows for low cost
compliance with NO, regulations.

Table 1 shows the emissions of SO, and NO, for several different power plants. It presents these
emissions in pounds per megawatt-hour generated. This index is more accurate than using
pounds per million Btu of heat input, since it takes into account the inherent efficiency of the
IGCC unit. The units described are the Wabash River unit before and after the repowering, the
Indiantown fluid bed combustion unit, the conventional coal-fired Orlando Utilities unit, Polk
Power Station(IGCC), and the DEMKOLEC IGCC unit in the Netherlands. The DEMKOLEC
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unit has very low emissions of SO, since it burns low sulfur coal. As the reader can see, IGCC
can provide an efficient and effective method for meeting compliance on new or repowered units.

Tablee 1. Emissions per MWh

Ibs. SO,

Wabash River Unit #1 Coal : 32.4
Wabash River Unit #1 IGCC ' 2.3
Indiantown FBC

Orlando Utilities Station Unit #2 Coal

Polk Power Station Unit #1 IGCC

DEMKOLEC IGCC

Fuel Flexibility

As Table 2 shows, the gasification process brings significant fuel flexibility to the utility industry.
In addition to the conventional fuels that utilities use (coal and oil), a wide range of “feedstocks”
can be used to generate power from this chemical process. With fuel being the largest single cost
of producing electricity, every utility must find ways to lower fuel cost. This is becoming more
important as competition increases in the electric utility industry.

Tablee 2. Fuel Flexibility

High sulfur coal
Low sulfiir coal
Petroleum coke
Blends

Waste Fuels
Heavy Oil




In order to comply with the Clean Air Act Amendments of 1990, many utilities have switched to
eastern low sulfur coal. In many cases, that low sulfur coal costs more than the higher sulfur coal.
However, the increasing use of inexpensive western Powder River Basin coal has caused a
significant drop in the cost of compliance. Utilities have opened up their markets to many types
of coals, including those from foreign countries. The Phase II requirements will cause utilities to
look more seriously at SO, removal technologies, since coal sulfur content may not be low
enough to assure compliance. '

By repowering or retrofitting with IGCC, the utility can open up its fuel market to low quality, yet
high carbon content, fuels. These include low volatile coals, petroleum coke, waste fuels, heavy
oils, and numerous blends of all of these fuels. Since the gasification process simply requires a
carbonaceous feedstock, the utility can now look at fuels that it could never before consider due
to the narrower design fuel range of a coal-fired boiler. IGCC can provide both environmental
compliance and lower fuel cost.

By-Products

A conventional coal-fired unit produces one or more of the following combustion by-products: fly
ash, bottom ash, slag, flue gas desulfurization sludge, and flue gas desulfurization by-product
gypsum. Many utility companies sell these by-products for re-use in industry. Where there is no
market for these by-products, the utility is left with several hundred thousand tons of solid waste
to dispose of each year at great expense. Large tracts of land must be dedicated to disposal. In
the case of new units, or existing units where the addition of FGD is planned for compliance
purposes, these large amounts of solid waste can lead to community opposition. The ability to
produce saleable by-products is becoming more important to utilities and the communities close
to the power plants. IGCC can produce saleable slag, sulfur, and sulfuric acid, all of which have
well developed international markets. This can solve both the cost and community concerns.

Repowering

A large percentage of the generating capacity in the U.S. is over 30 years old, the common design
life basis during the 1960's. Through some life extension efforts, there are many units approaching
50 years of operation. Many utilities are now facing difficult decisions on whether or not to
continue life extension projects, with the addition of expensive SO, and NO, controls, or retire the
older units. With the difficulty of finding and obtaining environmental permits for new sites,
repowering has become an important option for these older units. |
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For example, Public Service of Indiana’s Wabash River Unit #1 went into operation in 1953.
That coal-fired unit was sized at about 100 MW. By repowering with IGCC, under the Clean
Coal Technology Program, the new Unit #1 will have a net output of 262 MW. That utility was
able to increase its generating capacity without the expense of a new site, and with only a minimal
environmental permit process.

Repowering with IGCC offers the benefits of greater efficiency, higher output, and extended life,
all at low incremental cost. This option will become even more important as the U.S. utility
industry becomes more competitive, units continue to age, and more stringent environmental
laws are passed.

New Units

As the population of the U.S. continues to grow, the need for additional capacity will grow with
it. Utilities will continue to need new capacity. With the problems inherent with new sites,
environmental impacts, and other community concerns, the siting and permit process can add
many years and considerable cost to the generation expansion project. Given all of the benefits
previously noted, such as efficiency, low emissions, low cost fuel, saleable by-products and
superior environmental performance, IGCC is a technology of choice for new generation. Partly
due to the higher efficiency, the IGCC process uses less water for cooling and other purposes than
a conventional coal-fired boiler.

The regulatory agencies are becoming more aware of the merits of IGCC, and are better able to
evaluate it along with other potential technologies. A main selling point is the low emissions in
pounds per megawatt-hour generated, compared to other technologies. Future potential controls
on air toxics, such as mercury, will provide even more needs for IGCC, since much, if not all, of
the mercury is tied up in the slag that exits the gasification process.

Tampa Electric Company Polk Power Station
The Site

Tampa Electric Company (TEC) is an investor-owned electric utility, headquartered in Tampa,
Florida. It is the principal subsidiary of TECO Energy, Inc., an energy related company involved in
coal mining, transportation, and utilization for power generation. TEC has 3,415 MW of generating

capacity. About 97 percent of the generation is from coal-fired units. TEC serves about 500,000
customers in and around Tampa, Florida.




Florida is a fast growing area of the U.S. In its generation expansion planning process, TEC
evaluated many different processes and fuels sources. During that period of time, the Department of
Energy’s (DOE) Clean Coal Technology Program was trying to find a site for an oxygen-blown
IGCC plant. TEC and DOE reached an agreement whereby DOE is funding 20-25 percent of the
cost of TEC’s new generating plant, called Polk Power Station Unit #1.

The Polk Power Station is being constructed on an inland site in Polk County, Florida. The site was
previously mined for phosphate and is being reclaimed as a part of the plant site development. The
site was selected by an independent Community Siting Task Force, commissioned by TEC to locate a
site for future generating units.

The seventeen person group included environmentalists, educators, economists, business people, and
community leaders. The study, which began in 1989, considered thirty-five sites in six counties. The
Task Force recommended three tracts of land in southwestern Polk County that had been previously
mined for phosphate. These sites had the best overall environment and economic ratings from the
Task Force. The total area for the site is 4300 acres (17.4 square kilometers). About one-third of
the site will be used for the generating facilities. TEC is responsible for site development. As part of
this overall plan, the existing mining cuts have been modified and used to form an 850 acre (3.4
square kilometer) cooling reservoir.

Gasification Technology and Process

The unit will utilize Texaco’s oxygen-blown, entrained-flow gasification technology. A general
process flow diagram is shown in Figure 1. Coal will be ground and slurried in rod mills to 60-70
percent solids. The unit is designed to process about 2,000 tons coal per day. The coal slurry and
oxygen (from the air separation plant) will be mixed in the gasifier. The coal slurry will be partially
oxidized at a temperature in excess of 2,500°F (1,370°C). This will produce syngas at about 250
Btu/scf (LHV). The syngas will exit the gasifier and enter a radiant syngas cooler, where the syngas
will be cooled to about 1,300°F (700°C). The radiant syngas cooler will produce high pressure
steam at 1,600 psia (110 bar), which will power the steam turbine. From the radiant syngas cooler,
two 50 percent streams will enter convective syngas coolers, which will also produce high pressure
steam. After those coolers, the syngas will enter gas/gas exchangers that will be used to heat up
nitrogen gas and clean syngas, prior to their going to the combustion turbine. The slag formed in the
gasifier will be collected at the bottom of the radiant syngas cooler, and then sold to local industry.
The cooled syngas will then enter the acid gas removal system, where over 95 percent of the sulfur
compounds will be removed. The conventional cold gas cleanup (CGCU) system will use MDEA as
the absorbent. The concentrated hydrogen sulfide stream will go to a sulfuric acid plant.
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Figure 1. PPS-1 Block Flow Diagram

The air separation plant will use ambient air to produce oxygen for use in the gasifier and nitrogen

for the combustion turbine and for ash removal in the radiant syngas cooler. This plant is sized to

produce about 2,100 tons oxygen per day, and 6,300 tons nitrogen per day.

As a part of the demonstration project with DOE, the IGCC unit will test a hot gas cleanup
(HGCU) system. This will be sized to treat about 10-15 percent of the syngas, and provide sulfur
removal using metal oxide (zinc or zinc oxide base) pellets at about 900°F (480°C). In CGCU,
the gas must be cooled, cleaned, then re-heated prior to entry to the combustion turbine. The
potential advantage with HGCU is that it avoids the irreversible thermodynamic losses of the
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CGCU. The HGCU system will also test chloride removal using sodium bicarbonate, and
downstream ash removal using a barrier filter.

Combined Cycle Process

The key components of this part of the plant are the combustion turbine, heat recovery steam
generator, and the steam turbine. The combustion turbine is a GE 7F. At full load, it will produce
192 MW with syngas and nitrogeﬁ injection. ‘The steam turbine is a double flow reheat turbine
with low pressure crossover extraction. The unit is designed for highly efficient combined cycle
op’erétion with nominal turbine inlet throttle conditions of 1,450 psia (100 bar) and 1,000°F
(540°C) and 1,000°F (540°C) reheat temperature. Under normal operation, the combustion
turbine will start up on diesel oil, and then transfer to syngas and nitrogen at a higher load.

By-Products

The concentrated hydrogen sulfide from CGCU, and the concentrated SO, from the HGCU will
flow to the sulfuric acid plant for final treatment. The sulfuric acid plant will produce up to 210
tons of 98 percent sulfuric acid per day. This will be sold to the local phosphate industry, where it
will be used in making phosphate fertilizer. '

The slag from the gasifier and radiant cooler will be sold to local industry. Slag from TEC’s
existing coal-fired units has been sold for almost 30 years. It is used in sand blasting grit (for
surface preparation prior to painting), roofing tiles, and asphalt filler for paving roads.

The chlorides from the coal will be recovered as ammonium chloride in a brine concentration
system. This by-product is expected to be used in the galvanizing industry. Therefore, all of the
by-products from this IGCC plant will be sold and used commefcially. This will show another
one of the benefits of the IGCC process. |

Schedule

Construction was completed in early July, and the gasifier was fired with coal slurry for the first
time on July 19. Unit shakedown occurred during August and September. As of the first part of
October, several hundred hours of gasification operation have been accomplished. Performance
testing is scheduled for the balance of October, followed by commercial operation of the unit.
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V. CONCLUSIONS AND RECOMMENDATIONS

Dr. Theodore D. Atwood
Office of Fossil Energy
Department of Energy

Washington, D.C., USA

Mr. Zhang Guocheng
Chief of Energy Division
State Science and Technology Commission
Beijing, China

The conclusions that can be drawn from this report regarding the potential for IGCC in China are
positive and supportive for its demonstration and commercial use in China in the long term.

China needs economic growth, electric power plants, coal resource development, and
environmental protection controls. At the economic growth rates demonstrated in the past ten
.years, China needs 15-18 GW per year of new generating capacity for the next 20 to 50 years.
Coal is China’s primary energy resource to be used as fuel for electric power generation. The
annual production of raw coal in China is over 1.2 billion tons. Coal accounts for over 80 percent
of China’s total energy requirements and over 70 percent of the fuel used for electric power
generation in China. Chinese industrial sectors also depend upon coal as an energy source and
raw materials for the production of chemicals. To maintain a clean environment China needs to
control emissions of SO,, NO, solid and liquid wastes resulting from the burning of coal which
requires more efficient and high performance coal conversion technologies that have low water
consumption. The market for high efficiency and clean coal utilization IGCC technology is clearly
shown in China’s 9th five year plan which states “the development of clean coal technology
should be suited to the transition of the state macro development strategy”. IGCC utilization for
the production of electric power beyond the year 2000 is also supported by “China’s 21st Century
Agenda” which clearly defines the Chinese development route to be changed from the traditional
development mode to the sustainable mode for the high efficiency utilization of its coal resources.

IGCC is the most clean, most efficient and most mature technology among currently available
clean coal power generation technologies. It is also a more environmentally friendly technology
than any other coal-based power generation technologies and contributes to the reduction of
global emissions and improvement of air quality. China needs this IGCC clean coal technology to
support its growing economy and will profit from the U.S. experience gained from the U.S.
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Department of Energy (DOE) Clean Coal Technology Program (CCT). The DOE CCT
Demonstration Program IGCC projects are in various stages of completion and demonstration at
the intermediate utility scale (250MW). The CCT Wabash River IGCC Repowering Project (250
MW) has reached the stage of commercial operation in the production of electricity, and the CCT
Tampa Electric IGCC (250MW) project has also reached a stage of commercial operation. The
results of a China demonstration of a large scale IGCC technology for power production will
assist in proving technology reliability, availability, and maintainability at the larger utility scale
and will encourage the use of more efficient CCT technologies in China. The demonstration will
also assist in the commercial acceptance of IGCC technology as a high efficiency and
environmentally friendly approach for producing power from coal to be used in global utility
power plant applications. Demonstration of this high efficiency and non-polluting coal based
technology is required at utility sizes greater than 250MW to prove technology scale-up and
reliability at the utility scale.

Based upon the favorable results of the U.S. CCT Program, China believes that IGCC is now
mature, reliable, flexible and suitable for a variety of coals that can be found in China. Many
Chinese coals have been tested and used in gasifiers manufactured in China. A large scale
demonstration of IGCC is needed to assure commercial readiness of this technology in China.
This approach will allow China to obtain first hand know-how and experience from operating the

China IGCC demonstration plant. China already has extensive experience in coal gasification
from the chemical industry where 80% of China’s chemical production is based on coal. China
also has experience with combined cycle power plant operation from projects supported by the
Ministry of Electric Power. ‘A recent proposal to build an IGCC plant with refinery residue oil as
feed provides a step closer to the IGCC plan for commercialization with coal as feed.

Based upon the U.S. IGCC demonstration experience, the risks for the China IGCC
demonstration project will be greatly reduced. Use of equipment made in China will also reduce
power plant capital and investment costs compared to U.S. IGCC demonstration plant costs, since
the U.S. costs for non-proprietary equipment and systems are significantly higher than similar
equipment and associated plant costs in China. Current levels of plant costs, fuel costs, and
environmental regulations, which affect overall project costs for large field-constructed power
plants, vary within regions and in different countries. In addition, plant costs are also affected by
local labor productivity, cost of labor, manufacturing, and costs of components. Systems that can
be produced locally in China will be greatly reduced in cost, compared to foreign imports, as will
the costs of construction which must be performed by Chinese. Therefore, IGCC plant costs in
China can be significantly further reduced based on technology demonstration and associated
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operating experience gained from the performance of the China demonstration project.

China offers a unique opportunity for additional demonstration of the IGCC technology in larger
scales which will improve the reliability, availability and maintainability of the use of this
technology in commercial applications in China, the U.S. and in other countries. The adoption for
the more efficient and environmentally friendly IGCC technology has a much better opportunity in
the Chinese market place where economic growth is the driving factor. In addition, fuel is the
largest single cost of producing electricity and electric power generation projects must find ways
to lower the cost of fuel over the life of the power plant by using more efficient technology such
as IGCC which will provide a 20% margin in efficiency over conventional technology.

The only way China will confirm economic and technical performance of IGCC technology
compared to other options will be through the construction and operation of a 200 — 400 MW
project. IGCC technology was not given serious consideration in the U.S. and Europe until the
clean coal technologies were demonstration to be competitive with natural gas. Through the
experience of this project China will incur actual capital and operating costs that will provide
useful information for improving the economics of future projects. This focused U.S./Chinese
effort to demonstrate IGCC in China will set an example for potential future collaborative efforts
in identifying and addressing the world wide need for highly efficient and environmentally friendly
technologies such as IGCC.
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VL. ACRONYMS AND DEFINITIONS
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APPENDIX 1. ACRONYMS AND DEFINITIONS

BFBB bubbling fluidized-bed boiler
BOT Build-Operate-Transfer (basis)
Btu British thermal unit
CAS Chinese Academy of Sciences
CCT Clean Coal Technology
CFB circulating fluidized bed
CGCU cold (low-temperature) gas cleanup unit
Co, carbon dioxide
COE © cost of electricity
DOE Department of Energy (USA)
EFCC externally-fired combined-cycle
EU European Union
FC fuel cell
FGD flue gas desulfurization
G giga - billion - (10%)
gce/kWh gram standard coal equivalent/kilowatt-hour
Gtce giga (billion - 10°) tons standard coal equivalent
GW giga - billion - (10°) Watts
ha ' hectare
HGCU hot gas cleanup unit
HHV higher heating value
HRSG heat recovery steam generator
Hz ' Hertz — cycles per second
IGCC integrated gasification combined-cycle
IGFC-CC integrated gasification fuel cell combined-cycle
IGHAT integrated gasiﬁcation humid air turbine
kgce : kilo (thousand - 10®) grams standard coal equivalent
kha thousand (10°) hectares
kt kilo (10°) tons
kWh kilowatt-hours
LEAP Long-range Energy Alternatives Planning
LGTI Louisiana Gasification Technology Incorporated
LHV lower heating value
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MCI
MDEA

Mtce

Minestry of Coal Industry

methyl diethanolamine

Minestry of Electric Power

modified Fischer-Tropsch synthesis

million (10°) hectares

Ministry of Machinery Industry

mega (million - 10°) Pascals

multistage rotary furnace

million (10°) tons

million tons standard coal equivalent

mega (10°) Watts

natural gas (fired) combined-cycle

normal cubic meter

oxides of nitrogen

pulverized coal (firing)

pulverized coal (fired) supercritical boiler

process design package

primary energy output

pressurized fluidized-bed combustion

pressurized fluidized-bed combustor combined-cycle
parts per million

People’s Republic of China

pounds per square inch, absolute

quadrillion (10'?) Btu

research and development

(phonetically — Ren Min Be) PRC People’s Currency
run-of-mine

Republic of South Africa

Suid Afrikaanse Steenkool, Olie en Gas Corporasie
selective catalytic reduction (of NO,)

State Economic and Trade Commission

substitute natural gas

Sulfur Dioxide

State Planning commission

State Science and Technology Commission (PRC)
tera - trillion (10%)




TOE
TSP

UNDP
Us
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tons of oil, equivalent

total suspended particulates

trillion (10'%) Watt-hours

United Nations Development Program
United States of America
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1985 4F 4 AR EREFEBMPEER T WET THAREFRTS REY
. EAHZBEHE— WG - L BHRREARFA - R7E 1994 F 4
AHAXERERSPEREEMNEIRZRSEIT.

B E RIS T BB LI IR T R s e 3t R 00 19 1) R B R R TR AR,
RIHETS M. ERERRXERBES, WHNAIMERE. B, PEAIK
RBRFRALAAMEHFREER, WRETUREAESR TP RER
2%, FHBHELE.

FEEREERMEEELAHERER IRAEHEEARABE—
M. X—TGHEES EPENEFRBRSHET K. E 8 A (2000 4 LLAT)
TR T B 5 AR e R B R LR I e 7 8 ARG AR AR 9 RE A SO, 1 NOx HETK
AREMFEN RSN ENERE., 2000 EUETNAHOTERE REAKR
SALBR A TEFF (IGCC) B LA R H A, 1GCC 1E A —F BT I A SOk S0 R A AR
HEMRERBEACDE TR, ICCCERMALERCHEASRTELL
. BRTATREM IGCCHEREAEFREREBRREETHNE, BExdd—
RS FHRRSEBYLOBGEE, 2T —#4 16CC AR AEIAT] 50% .

AEAMERBHBMESHRERBHER, FEEH T ERE 1GCC
A, KRR, SIREER—BAE (200-400MW) S #EE) IGCC RTEH
Yo X— A TREMERN 21 HHEEPHE IGCC FERBEIANAWERE, B HE
o e NP BB IE— & IGCC RHEHMAAMAETE., X—REH
RETFTHOBER, BEWUEIEPFERBAMHAMEE IGCC ERH—ME
SEEAl.




IGCC ¥ RIBEMB R

BV IGCC KRB ETA#—-PHRAREBERESRYEER, HAEPH
@ EREEMBE. HEXNEZERZRS, BXITNERE, B
FKEFRHERS, BATEI., IR ITIBHER TIEBOFESRER
BT —4 IGCC RTETEF 3 /NH,

BEFHNEREFHEKER, ERAWER, TEHNRERRESNY
K. BSRRNHEFEERBBEREN TGS EFA., BREXMETRE
MBEREBREE, BN EERENSEMNATEXN2RFHE
BEIFRY ., AETENIERTTEHRCL TR,

MR IGCC FHNZEAEREEZNAREHERRAITRESTER
R, AMEIGCC FEMEEPERBERLM, 16CC EFEHKEET
DURESHMAERREEARNESRERAREFBER . XEEBBRR
xtep BT A RE WHEH. AREMNREERRREN A NE
AR R B B4 MR SRR TG AL BE R 5 T X 1IGCC 72 B 9 ¥ 2E i 35 4F PR Ad
HRERAE. ATXREBEGESOREES H E BT e 2 ENEEE
PR, MEEFESWTFENBRNEGH, FEOREMFRTE R LT
HYEERETS. ARGEAPREXGEREWMER, HFHa+TENER
FREREF I NERSLUEX 16CC S FHEB N EF R EERHT
8.

A|EMEHREEEFEXLOMN IGCC EREFEHTESB WA
BREBRURERLAIE. REBRFTTINERRERE:

L X FAERFR IGCC HATERME, Wik, RERMENYE ELT
IR ? |

2. BE— R IGCC AL MARWARERARAMZTRANEZN R
A1




3. 2 EEH R 1GOC FILMM, HFBAZHER 1

4. PEAREHRRET (<1%S), ATEHTREIRER 1GCC #1—T
RIS ?

5. BRI F R OB 45 AT BRI RERESIHR YL /E
B ?

IGCC EREW

¥k Ay 4k 2 AR A 16CC B ARZE 1 B LR A R & B (250-600MW) /RSB IE T
e —E64r, HPEREE IGCC ERRBARUAFTEE XOUARARLEK
RELRT —NIGCCERY., BIGCC ERXREVUHARERALE IccC B H
BXREARGEHENER., TUMBEANEFEAY. 1995411 A2 B
12 A6 B, TRSWAIKET, HX 10 MEEHTTiHE. TEITLFH
R AREMBENT —BEIUEN IGCC EXREBRAUETHINE., &
FLWWL T RTF IGCC AR R BIVR R KD EH T B EF=RTEHMP
g EHS, TREMNBEMESULEHTTIIEFE HRESER A
M, PAR IGCC ZEp R M4k 5 H MR BE . FEF it T 16cc £
HATFHEAIEFNSBIMGERL RER IccCc P EBMMSERAER
ERRE. PEEXBEEHETHRENBRXANEANE, FANTNFTFRLE
X AR B EERESHE— SRR LTTEARZM BRI,
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1. PEBRERBHNIIRINRE

BRAE MK WMRZE
FEERITE HEHEFER EREWRRMHR
B E 4=

RERESGRIRELEX
HEAFE B RREEKGEEE,

EHRENBRERERL 1 TLCMESR, SHEREEMERER 0% Bl E, K
WA 5%, THES 12%, @5 13% .. BRFE 0% EhEh EKE
JeFnvadbab X .

R EA TR K BERIEIA 3.79 12 kW, FBHHFAE A, FEEFESPE
FIPER ., EdbMse X,

5 1993 F RO S EM A E BN, o EE M EERY o0 20, R
RN 38 FIHR. B, REWUEESRELENPNE, &
O B LB R — B4, T LA 2 4 e 2 T D L B A MR

FENEYREFFEEIECEZTS, MREYHBTFFIEIREER
B4 AMIERBEDEENES IR ASERETEATREHAES AS
BERAVEK. BWESENENEYRERIEL 3 LR,

mTADﬁz,Aﬂﬁﬁﬁﬁ,ﬁﬁ%%ﬁﬁ

*@mﬁﬁiﬁﬁﬁﬂ%rﬁmw—wwﬁﬂﬁ,ﬁﬁﬁﬁmmmﬁ&

19




F) 1149.7Mt 5 BN 120kt KT 145.2Mt 3 RARSM "Mm?® K F) 16.95CGm3; k&
BB W 4.3TWh 3] 839.5TWh, HA KB H 0.7TWh K F) 151.8TWh , 1993
FE—REREBERERERN 111263Mtce, FIHFRE 3 M,

P g HRRE 1, BMETITEHEFYERRERER 91% .
REHBRARRRER
F2ERTABBEHNTHRFENRBRREH,

BIEA, M 1940 600K, BEEMENBEENNE, —KEENRS
WE AT RARRL, HE—RRERERA AR, W SRS R
WL, ERFLBUL, EEMNEA, DURY I BRUE L M,

KIRPEH-REFESBIIHHREREGH, HEWTL, FEHEOIBIIE
BHEBREMEU T AE., 0 ERUK, TIvER=HEERN AR BEE BRI,
B AKiE., 1992 FTWAEFHEES 0%, E1dkY, I, weEfgs
T EE B BEYR 5 T BEAE Y 45.8% .

PFEEFHREEEATASHER. 1993 E£HOMERTSRE>EE
2%, PEHE—EHOIAEBEMN H3FERARHRORE,

F4RBRPEOERDUKBGEEHRBOE, BFENITHEEN - kEBENE
RHUERE, 1992 E2ENRMER 142, HTFEBRZREBBOER SR
REBDEEN 3%, HPFHTFEBENL 203% ; KL 57% AF&FMH TSP,
Tk EPF A RAEZTHRE, KEBEREBEREW R ™EHAT 3],

REEFRGEUEYFEEN T, 1992 EFERNEFRBESE 0% HEKEE

%ﬁ&,Lw%—wwﬁmﬁnﬁm&%%ﬁﬁﬁw%k$ﬁﬁm%,m%
EHRERERECEBIEY FKEE.
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F [ 5K 3R AE VR 3R K Tl
RE R B K W 75 %

¥ H LEAP(Long-range energy alternatives planning system) R HT R, 1990
EAFUESE, 2000, 2010 , 2020 AR BIRE, MR 6 HMEIWIT, 174
FEIT, 1 AKREREAM.

BRI B E : BFFHRBIFIRE : GNP E B H 1990 4 — 2000 4F
3% 9% 5 2000 — 2010 FE 47 7.5% 5 2010 — 2020 2E X 6% o — —\ =V B A E £
Frif e E s A DR IBR BN A OEHIFKE 1990 — 2000 8 12.5
%5 2000 — 2010 2E 7.2 %o 3 2010 — 2020 2E 4 4.2 %o o AT A O H 3 2000 £E 7 12.94
fZ N, 2010 4E4 13912 N5 2020 SE X 14512 N, R FE 6, IEEZK : 1990 — 2000
FELEEHBEERA 4.49%, 2000 — 2010 FE4 4.42% ; 2010 — 2020 £E 4 3.35% o

BERR RS R

B 1990 FRIRBIRBERBFBOHAM LBBRE, FH LEAP BRI X BRI E K
BEEERITHN, SGRAE T, s RPTEHESHLHEEESRESIH
FEHERER, R - X2 RPEHEBNELSNFRNENLREBEREFR. &
ZMMBEIRRRFAME R (1) PELREREFRPEL LA B 1990 4
7 33% T REZE 2020 ) 20% &£ F; (2) MEAKF/RGKMBR, BHIELE
BEEP R LER 1990 F 8 17.7% FE 353% 5 (3) WM, KWRBAERAW
£, HM 1990 I 13% K F 2020 1) 224% , ,

o [ 5k 3R B8 7 & = T

1990 FE R E B TP AR 137.80CW, KPP KRR EBEEN 36.056W, &
26.1% ; KEE 621.62TWh, HAPKBERBE 12647TWh, [ 20.34% . '

1990 SEH EH K K 1 K B IEFERRBL 202.18Mtce , AR G 94.4% , #R¥HW
MM  5.6% . PR BEEEERX 3928ce/kWh , KB 31.4% , FHIELE 2
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FEH 427gce/kWh , HLEZEA 288% . FPEBHEFRESNEERHER: F
By Ak RBLUREANE, MATSTRERHBEA, A THERBERME
s PEAEBSHREBHIAGHEMR, 1990 FK, 125MW L ELEHSHEXEFE
MEBEIARS2EABRENERN 7%, MEMEBTHHRRENEE
SEPLAESEKEBELAERN 26% ; FEAR KA T KEBRIE,
Wi BERE I FR L E SN KT 10% , TR BHLA L REITKEGERE
BIER; PEXARB HHBEARBEREE, BAmME ©EHBER
B, 1000 FEEH A 8.22%, HEIKEFKE 30 — 50% .

WL, PEEHTIVRBEAEN TR SME 14, MiZEEE
ARG KBM, 1990 — 2020 4EH 30 £E[B], K AR EHEIAEREDY
KA 555%, MALTER, EHHKEL %,

— R e IR 3 R T

RIBARGEERRBME R, ZRAREL>, S/HNTEIBEFT R
%, AIRB-RKEERRK, EEFBTEHANETRAIMEORE, BIARE
—REEFRO RN TR, RE 15,

R E W ILAE 2000 , 2010 . 2020 R — K MBEFRKKBR 15, 20,
25 {LHEARIE s MR ABIRE 15, 20, 2312M; B2, 28, 3512Mi; R&R
AR 300, 600, 1200 {2 FHK, WRE—-RBEFHLEF0FEFTET
WANED A, RRS, KEMZEOLEZRSFHR LA,

o ] RE iF % IR THI i A9k K

PEOARAERALD, FEMFEHEXRE S, BEAX=/MHAHE
REYIMR.

HERAOESE, 199552 ARBAOSA 21CA, NMEUTXAEER
FoEFLE, AOIEZMAORRET, BAEREEEEHEN—MEH
MEEHARR., BNBRE—RREHRECEHFE N, EANREK




FARIE. 1994 42 AT R EEUR I PR EOF 1024kgce, DUAHERPIEE 50%, &
‘E%EAﬂmﬁﬁmmmEﬁ%@mzmyﬁﬂﬁ¢ﬁ€LMA$mL%,

B_RAHBEREFEAR. REAFTUREEMSHORERE, EA
BHEAEREMNARRE. £ 500 KEEARRSHIFEEE 4 72M, BEREF
BREFEHETAREB MR 1145 2H, AHELHFFHKERZ
HZ—. WEEAMAF 1995 HF BB TR B\, HHE 1994 FERA
MEEARKTRMERN 33 12, AHRE 275 W, (CVHFFHERN 1%,
ABRERFEANAR RREHSEFRBROEERARER, HHREM.

BEZRAEDSTHERA, BE K REIRIF S E £ ER AR RS RRH
RAFRAENTEEEEY RES R HESER.

REZHEF LI REURAENERZ —, BEEFEAFRHE
RE, 1994 FHEREREHHFE 26.6% . 2E (R SETW)s0, HBEA
18.25Mt , B HERLE 14.14Mt, 250 EL 1990 £EIE M 12.2% Fl 6.8% , F A BRMEHE
BB A5 5 90% M 70% o BT SO, HEMBERAS, HAEEERMIE
HEHZ—EHLERTERE, —8RMTRMA 1 MRS 4E K so, MR W53
1B AR 2 B BRI 50 — 70 TG

A5, PEEBRHBESGESHAEEA, HOHFORBUEEKES] Co,
HEB T RE .

A8 R R A9 AL R BUR

FEREEMNSER

BYSLEFRBRHEN., AR THROREMANARMBERESR, LA
HATRIE. . LFRBESAR, EARETHEBESREEMTTER

Kik¥E. ERMTLHEON. TIAMMEREE. FRAE 5T I0RA K3 i
B, hAMEXRR, DUABIGRIE. K. EFRRNESHES PHE.
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SAREANSEENERERY —EEN T EEFMESEXTHE
PrARERIIBRE. IR, EFSEAARNTE, HE NAIZRREEE
Wi, 2000 FRI BT EIFABRZRIGEIR. 5. LT HE R B AHN B
AR,

AL R LIRS, A B SRR 5 SRR R B e A S mT DL IR 404 .
BREAR S WAIFE, WREERLKBA; HERBLENSHR; BEL
Wi RBREU B AL, BRAER, AHRBEKE BEFRAEHRA
ﬁ,ﬁﬁkﬁﬁﬁ,Eﬂﬁﬁﬂ%k%&ﬁﬂTﬁé&ﬁ,ﬁﬁﬂﬁﬂi.
RERERR, FEFMHARERE OB,

EHERMEMTE

BMEZFHRERBAAONEK, RERRINROFERSKEF
7, MEREATHOBSARY A, FUPEBZFRBELHHTEKHE
BEEZSHERNBALZE, ERJEHARER. H— AV EREE LI5S,
MBERZ UL, FRER.

Haf P EBRMNSERERRAERN S — 4 fF, FEIW™MHEEFEAE
HE SN HIT 40% , FHRBEFAARAEG 300 £48, TR EEXHE 40%
BlE, U ERERROEENERES.

PRV SHARGHE, RERMRS W LA, ST ke
WAL 51.8% , KRBEMEEFHAWEED. BEE&LEH, =REH. 8
BawmeRgmid, REREFETAE REVRELERVRNENE
Ko FRERI BARR 2000 FRIVEERER T 4%, BWHABEREET 05,
Bl—3Dl ERRERRRERBEELSNRRMEE. AXB LRER, LAEY
RIEAAEREFNHSRRETR, BEMLE “WRE”, BSBHEX R
FEOARSE M BAMNY, #— P ERTEI®.




W REREAR

HEERBEARRRHEDRN ENRETERLE AP ELEF A RFLEHER
AR REARTS. PHENHUBEESEREREERR, AANEBRZYH
MHSRBENRZF, FNERT— RGBSR HLZ5FBR3E
RIFE BT

ERRBREOEEEERAR, FERESAR, FREBEALLA; ¥
ARBAMIWRBEA?, REHNHRBEOLA, EFEZMNTREHH, KITH
WAEYREE; FTFRESIHABBEIRRARREET AR s FRESIHKBEE
ERBRBEBEAR; FRIIFBERSAMBESMBRSERRBER; BIRITRE
V. FoHEBEFIARAE B SR PR B BR |

EREEREARET ., BAMBIIEFHRHZ a%mmww,ﬁya
- B BB IR IR I 2 Y P 3

TF R 31 S B R A R R, B AR REA T E E AR
A . B, BRUREALI R 5%,

FEFAMBEREMTTHERE.

REWHAEREA AT ERBRPOFEGRY, HUTHERERRE
ARSI S R

 hEAAEEOTEESERE 5T RSk, B 1003
FTFRTARIRE 118%, RAEFRN T H2=, BAKENTH2
—, EFARE. ERRIEGERAE N 2R,

ATEAREREPRHTHFERE FZR5UEREHES, —E

BB, BUORHRE., FREAR, BERA. BinR 2000 05 £ RIRE
FIABBEAD] 29814 tce, 2010 4EIBF) 3.9 14 tee
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F1 1949 — 1993 EREFETR

RELATRE | BE | Bl | RRX Kug

& (Mtce) (Mt) | (Mt) (Gm?®) (TWh)
BE | HPKE
1949 23.71 32.0 0.12 0.007 4.3 0.7
1952 48.71 66.0 0.44 0.008 7.3 1.3
1957 98.61 131.0 1.46 0.07 4.8
1962 171.85 220.0 5.75 1.21 9.0
1965 188.24 232.0 11.31 1.10 10.4
1970 309.90 354.0 30.65 2.87 20.5
1975 487.54 482.0 77.06 8.85 47.6
1980 637.35 620.0 | 105.95 14.27 58.2
1985 855.46 872.0 | 124.90 12.93 92.4
1990 1039.22 1080.0 | 138.31 15.30 126.7
1993 1112.63 1149.7 | 145.20 16.95 151.8

WRLKIE : PESIHELE 1994

F2 REEHBEW
4 HEARHERE - HBREW %)
(Mtce) 7 M RABXK
1953 54.11 94.33 3.81 0.02
1957 96.11 92.32 4.59 0.08
1962 165.40 89.23 6.61 0.93
1965 | 189.01 86.45 10.27 0.63
1970 292.91 80.89 14.67 0.92
1975 454.25 71.85 21.07 2.51
1980 602.75 | 7215 20.76 3.10
1985 770.20 75.92 17.02 2.23
1990 987.03 7620 | 16.60 2.10
1993 1117.68 72.80 19.60 2.00

BBk : PESITEL 1994




F3 —RERESBIHBEERRASGH

1980 1990 1992

HHRE % (HRE|% |HRE|%

(Mtce) (Mtce) (Mtce)

BHRLuE R 602.75 | 100 |987.03 |100 | 1091.70 | 100
1. YREFZI] 480.55 | 79.7 | 794.30 | 80.47 | 891.73 | 81.6
A Rk 46.92 7.8 |48.52 4.92 | 50.20 4.6
B. Tk 389.86 | 64.7 | 675.78 | 68.47 | 762.79 | 69.8
a. BTV 322.14 | 53.4 |538.60 | 54.57 | 606.28 | 55.53
b. 2Tk 67.72 11.2 | 137.19 | 13.90 | 156.51 | 14.34
c.gmk 9.57 1.6 |12.13 1.23 |13.92 1.28
D. RiBZH MM | 29.02 | 4.8 |4541 | 4.60 |5058 | 4.63
E. Bgdk 5.18 0.9 |1247 1.26 |14.24 1.30
2. LY R ETF=EBI] 12.05 2.0 |34.73 3.52 | 43.61 4.00
3. A\REFE 110.15 | 18.3 | 158.00 |16.01 | 156.36 | 14.32

PRLRIE: PHESGHEL 1994, 1991

F4 hE 1980 — 1993 FREFHEH O

B BHM
1980 1985 1990 1991 1992 1993

JR M '

Ha 13.31 30.03 23.99 22.60 21.51 19.43

# 0 0.37 2.92 5.97 11.36 15.65
B &

Ha 4.20 6.21 6.33 6.82 5.98 4.56

30 0.46 0.90 3.94 5.91 7.78 17.54
HER .

HO 6.32 7.77 17.29 20.10 20.19 19.81

#a 1.99 2.31 2.00 1.37 2.00

WRLRIE : EREIRETE 1994
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x5 PEARREFMBIERATER

2000 £E 2010 €E 2020 £E

PEE (R RER| =E (W | ERE | E (RRPERRE
ey % | % (2w % | % |fem)| % | %

41846 | 100 9 86246 | 100 | 7.5 |154453| 100 | 6

7700 | 18.4 10522 | 12.2 13437 | 8.70
18878 |45.16| 9.2 | 37394 [43.36 63324 | 41.0
15170 | 36.3 38385 |44.44 77711 | 50.3
7700 |18.4 | 4.6 | 10522 {12.20 13437 | 8.70
16679 |39.90 32859 |38.10| 7. 55140 |{35.70
2199 |5.26 4534 | 5.26 ) 8124 | 5.26 |
2480 | 5.93 5114 | 5.93 . 9174 | 5.94
2958 | 7.07 7596 | 8.81 15560 |10.10
9732 (23.30 25678 {29.80 52977 |34.30

Fo RERFADMEREGE

2000 ££. 2010 4E
AOE p R A D) ) KR
2y | % | % | (D) | % | %
12.94 [100.0 | 125 | 13.90 [100.0| 7.2
4.06 | 314 520 | 37.4
8.88 | 68.6 8.70 | 62.6

3.86 3.61




R7T HiGREERRERMEBNER

1990 2000 2010 2020
BEUE G A By TRE| MR | FRE| W |FRE| K | FTRE| WK
(%) (%) (%) (%)
BEIR Mt | 530.98 | 33.04 | 632.76 |27.85| 771.59 |24.00 | 715.71 |19.97
JE Mt 3.87 | 048 | 232 | 020 | 281 | 019 3.09 | 0.17
RRE | {2 m3 | 147.89 | 1.71 | 268.20 | 2.20 | 537.74 | 3.38 | 995.19 | 5.17
BH {2 kWh|5182.40 | 17.70 |11232.50| 24.92 [19413.94] 30.26 [28246.88| 35.30
AWESD Mt | 8811 [11.29} 157.16 | 14.25| 229.67 | 15.95| 299.84 |17.23
HEYIREE| Mtce | 264.97 | 23.08 | 264.40 | 16.29 | 254.32 |12.01 | 220.76 | 8.62
HE | Mtce | 145.74 |12.70 | 231.64 |14.28 | 300.72 | 14.20 | 346.51 |13.53
BE Mtce |1147.98100.00{ 1622.63 {100.00| 2117.46 |100.00| 2560.36 |100.00
T8 HigEETERNERKE %
1990 — 2000 2000 — 2010 2010 — 2020
R 1.77 1.18 0.06
B - 497 1.93 0.95
ER= 6.13 7.20 6.35
B, 7.13 4.71 3.50
i H A 5.96 3.87 2.70
4 4 % B ~0.02 ~0.38 ~1.40
HE 4.74 2.64 1.43
3.52 2.70 1.92




£9 190 FHEEBI TR EHEETRKITR

w17 R AR T ¥ %X #HEB R ERFL B
ERE R Mtce| % [Mtce| % |Mtce| % |Mtce| % [Mtce| % |Mtce| % | Mtce | %
B | 93.13 [24.56/14.93(3.94{237.35(62.58(10.01 2.64 | 3.40 | 0.90 [20.45(5.39 379.27 [100
Eih 0 | 0| 0 |0[475(86.000] 0 | 0O {0.77(14.00] O | O [ 5.53 {100
FKIRE, | 247 1258 0 | 0 |15.6379.45| 0 | O |1.41|7.16]0.16/0.81] 19.67 {100
B 7 |18.879.29 [16.68[8.21(152.33|74.98| 2.09 [ 1.03 | 2.26 | 1.11 {10.92|5.38| 203.15 |100
AR | 4.26 |3.28 {11.83(9.12{59.78 |46.11/49.36(38.07 1.96 | 1.51 | 2.47 [1.91{ 129.65 |100
Y EEL 12649711001 0 [ 0| O 000 |0 | 0] 0|0 |264.97]100
HE  |3251[2231 0 | 0 [111.69(76.64 0 | 0 | 0 | O |1.54(1.06/145.74 [100
M 3 |416.21/36.26/43.44/3.78/581.53|50.66(61.46| 5.35 | 9.80 | 0.85 [35.54(3.10{1147.98[100

R K

310 2000 FHREEZFMIILIGERTRITR

B O R B\ YT | X @B OH RSB
EXRE R A Mtce| % |Mtce| % [Mtce| % |Mtce| % [Mtce| % [Mtce| % | Mtce | %
R 89.28(19.75(16.29(3.61/308.29(68.21| 7.28 |1.61 | 3.54 [0.7827.29/6.04| 451.97 (100
B o {o|o|o0o{332]|00f 0 |0o]|o0]|0]o0]|o0]| 332/ 00
KRS | 9452649 0 | 0 |24.0 6727 0 | 0 |1.64[4.59/0.59 [1.65| 35.67 |100
Bf7  |50.45(12.48[20.68[5.11/288.62(71.38| 5.71 |1.41 |5.07 {1.25|33.83(8.37| 404.37 (100
AT | 9.40 |4.07 [14.42(6.24| 98.53 |42.61] 99.69 |43.11] 3.04 [1.30| 6.18 [2.67| 231.64 [100
HEYIRER (26440100 0 [ 0| 0o | 0| 0 | 0| 0|0 0|0 |264.40100
HE |6489[28.01 0 | 0 [162.50{70.15] 0 | 0 | 0 | 0 |4.25/1.83231.64 {100
B 3t |487.88[30.0751.39(3.17|885.26/54.56(112.68| 6.94 {13.29/0.82{72.13]4.45[1622.63(100

# g B R
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F11 2000 FHEESPILXHERERGTER

| B AR ¥ T ¥ |x&x & B R KEE | B 3
ERE LA Mtce | % |Mtce| % | Mtce | % |Mtce| % [Mtce| % |Mtce| % | Mtce | % |
BESR | 93.27 [18.35(17.27(3.40| 351.85 [69.22] 4.15 |0.82 | 4.03(0.79] 37.72 | 7.42 | 508.28 [100

g B 0 0| 0|0 402 |100]| O© 0| 0|0 O 0 | 4.02 (100
YE KRS |32.15/44.96] 0 | 0 | 35.11 |49.09; © 0 |2.58(3.60| 1.68 |2.35| 71.52 |100
gl B [90.55(14.13[25.41/3.97421.36 [65.77| 11.69 | 1.82 | 8.84 {1.38| 82.81 [12.93| 640.44 100
b A MWE 5 | 13.91[4.12[19.80/5.86 117.78 |34.85(172.87|51.15| 3.75 [1.11| 9.83 |2.91|237.94 |100
Y FREE 254321100 0 |0 | O 0| 0 {00 0| 0 | 0 |254.32(100
HE |87.09128.96) 0 | 0 {203.9967.84/ 0 0| 0 |0]963]3.20(300.72 (100

B 3F 571.30]26.98|62.49/2.95/1134.11(53.56{188.71| 8.91 [19.19|0.91(141.67| 6.69 {2117.46/100

F12 2020 FHEERBINERERETRITR

w0 R BAi® & T ¥ |x& #|B R KL | B 3
ERE LA Mtce| % [Mtce| % | Mtce | % |Mtce| % |Mtcel % |Mtce| % | Mtce | %
B 199.82(19.53(18.07|3.53/336.91(65.90] 0 | 0 |4.13|0.81]52.31 |10.23|511.22 {100

g6 B 0 0|0 |0} 442 [100] 0 olofo| 0O 0 | 4.42 [100
PE| RS [84.38163.75| 0 | 0 | 40.48 [30.58/ 0 0 |3.85(2.91| 3.66 |2.76 | 132.36 (100
Ml Hfy [128.74{14.24]31.61/3.50| 543.35 [60.11] 21.83 | 2.42 (13.73(1.52(164.64/18.21| 903.90 (100
| Gl | 18.72|4.24 |24.54{5.56| 123.91 [28.09|255.21|57.85| 3.84 [0.87| 14.95 | 3.39 | 441.18 [100
A Y BHE (220.76/ 100 | © | 0 0 0 0 0|0 0| o 0 |220.76 [100
HE  [108.79]31.40{ 0 | 0 |222.65(64.25) 0 | O | O | 0 |15.07(4.35346.51 {100
Bt [661.21[25.83[74.22(2.90(1271.72(49.67|277.05[10.82(25.541.00/250.62| 9.79 [2560.36/100
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13 PERNTIVRERNETRNERAY

KRR 1990 2000 2010 2020
MW % MW % MW % MW %
KK H | 101820 | 73.86 | 220200 | 75.79 | 374650 | 76.39 | 514850 | 73.55
KITRE | 36040 | 26.14 | 66500 | 22.89 | 100000 | 20.39 | 138000 | 19.71
¥ e, 0 - 2700 | 0.93 | 10700 | 2.18 | 32000 | 4.57
RAxH 10 - 1000 | 0.34 | 4000 | 0.82 | 10000 | 1.43
p: 1 5oy ) 21 - 60 0.02 | 100 | 0.02 | 150 | 0.02
KFHBEEH | 026 - 80 0.03 | 1000 { 0.20 | 5000 | 0.71
it 137891 | 100.00 | 290540 | 100.00 | 490450 | 100.00 | 700000 | 100.00
F14 FEBAINLZBBREDR
&, 1990 2000 2010 2020
TWh | % TWh % TWh % TWh %
KRATHZE |495.05 | 79.64 | 1044.53 | 78.48 | 1788.72 | 78.81 |2447.56 | 75.51
KR | 12647 | 20.34 | 266.36 | 20.01 | 400.54 | 17.65 | 552.75 | 17.05
% H - - 1756 | 132 | 69.59 | 3.07 | 208.11 | 6.42
Wb, 4] - - 200 | 015 | 799 | 035 | 19.98 | 0.62
ke | o1 | o002 | 023 | 002 | 038 | 002 | 056 | 0.02
AKHBEX®E | - - 020 | 002 | 250 | 010 | 1249 | 0.38
it 621.62 | 100.00 | 1330.88 | 100.00 | 2269.72 | 100.00 | 3241.45 | 100.00
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F15 —REEREL (1990 — 2020 £F )
1990 2000 2010 2020
Clmp | B [kpl| B O[wel| B (B & |
% % % %
T MEEUR | Mtce |1041.92|79.54 {1505.45| 84.79 |2045.58| 88.62 [2544.86 91.61
IR {ZWh | 10.82 15.00 19.63 22.77
Mtce | 773.58 | 74.25 |1072.45| 71.23 |1401.84| 68.53 |1626.32| 63.91
B EFEE | {20 | 1.38 1.65 2.00 2.21
Mtce |197.69 235.79 285.80 314.38
O | e | o 0.38 0.84 1.34
Mtce | 0 5414 | |119.47 191.59
HNE | fZm | 138 2.03 2.84 3.55
Mtce |197.69 | 18.97 | 289.93 | 19.26 | 405.27 | 19.81 | 505.97 | 19.88
g | {2 m® | 157.74 300.15 499.25 798.80
Mtce | 20.98 39.92 66.40 106.24
R IHFOE |2 o 0 99.55 393.76
Mtce | 0 0 13.24 52.37
S| ENE | 2md | 15774 300.15 598.80 1192.56
Mtce | 20.98 | 2.01 | 39.92 | 2.65 | 79.64 | 3.89 | 158.61 | 6.23
KH {4 kWh|1266.00 2665.28 4007.88 5525.63
Mtce | 49.63 | 4.76 | 95.95 | 6.37 |132.26 | 6.47 | 176.82 | 6.95
B |fZkWh| 0 175.83 696.36 2080.31
Mtce | 0 6.33 | 0.42 | 22.98 | 1.12 | 66.57 | 2.61
- RBE Mz kwh| 1.02 24.17 | |108.79 330.31
Hi B RE Mtce | 0.04 0.87 | 0.06 | 3.59 | 0.18 | 10.57 | 0.42
A PHEE
/Nt Mtce |1041.92/100.00{1505.45|100.00|2045.58|100.00|2544.86|100.00
JEH R EEUR| Mtce |268.07 [20.46 | 270.09 | 15.21 | 262.57 | 11.38 | 233.01 | 8.39
(£ Y B 6E) - _
Bt Mtce |1309.99100.00|1775.54|100.00{2308.15(100.00|2777.87/100.00
33
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2. FERMERREERESMAEA

BRRIZ MIRA
FEERMEFRERLLTHEUCERRA
7 B i =

W =

PEEGME., FRE-REFEPRS EFHA. oA RPEILTAME
%, PEHOESRFMNE, SRERRS, NHE, BREREH AT,
FIET P EEREMNHEARETNEOEL SR, REBIWSEHERZE
MEBEZFERERESRAEE L. 2NLHEHE ‘BERNE” “‘BRAF
HE” REDEOEGESR ESERBINERNEEREE ELALE
MEEERP ., XBEARERRARAR=ZTTH.

o [ B R
FERNRUHERSHRR

HRIE 1902 ERRIRLEH R, P E A RN 9863 120K,  (IRWT AR
WEFRERR SR R 0% ) 24 5% RE 1 %t , FEER
BRERSHASBRBERABNE, FRENIERERERS, BF
RE, RERE—B-BE, B_BL, R=BLE B, FHPLE BAZ
G, H=0. BAHEER, FERIEFER, BTFABMUBHXE,
HE A EERUEEREMAFERRLE, kFEERLBHEERRAER
¥, EREBRNEOEFERRE. ANRRHRAE REXERER -3
G, B, PRPOMSE XREET PEOLE, By EEHER, il
SR, BHRRERROEERD, EERREARGEERERS
BEK, SEEBRR, FHRPER, BREFEHLT ALY RSB,
FRE R H R A BRSSP AR R, UL 1990 R,
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£ <2000m DL R IR W IR A 5328.7Gt , TRILAR—_BLMIEFE, Pk
BELos 8% M 63.1% ., MNXEHFAUERREN, PENEREREE
BN, 4GB ESEN. BER EEELE, PEENEERESFEBRYE
i, KEoEbEdty, LEEFILEERLARRAFTERENTERKX, |
EEMEAS> A RLE L,

hERANREMS S RESHHE

BB R S RERE . FREXN. REXGAERBEDE. R
BRI s, =E. BE. EHE) . BPRSERMNBET R H EER
RTRERRBEERBERRBERENTEE. BRXERZEKEHERERS
BHPEMEEMRARANERRRA,

EHBRARERBERE O\VBE-BE->THEE-RAER) e
B, #RENXETERE, EPEAROLIEE=Z/1ERTEE, X8H
BRXASHA 20 4MTRKE, BIrERXKBESEEPOERERFHRORE
W, BALTEFEEOZERBEEANCASEERBEMNE. THE S 856 A R
ABEAREFHTRZAREFIOEN, —BHRETEREREGTHE
MFERERAGEE, EFENBEIEHEERS . BT REELS R HER
MBS WBER & 27%, SR RER Y 54.1% , HEN 26.8% , THEE L
9.3% » MIBRRIEEERY, < 600m iR 18.7%, X E T H EMET E£r=k
BAERHGEHXE RELEWUERTR,

BIERBEHER, PEHENRKS —BBEE, ERPRS AL 25% B
£, BEREERFELERAR. FEENFIWDIE 1995 FH0.77% . FEGH
BREWER, BEAPTETPRSEMEFREFRBRBRMERS, XEH
FTRERRZEBKEHHSGE. 1 HHEREET ERRESTHREY
WS EOEE AEERE, ILBRYT  EWARME BATHERSE
REH 2-4% KRR, XUBASERMNATHBOEERBEE,
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F1 —BBETREHE (std%) SREMXER

| HFWR | [N | BARE | FI(E) | RE | B | &RXE T
E#B | 0.34 0.26 0.51 0.55 0.81 | 0.66 0.57
T | 3.09 3.28 2.57 4.1 2.79 | 3.17 1.67

e [ 4% 7 BE TR SR RO M 4F

REBRCR SRR 0%, AN, RABSHENED. ATHREEREZ
Pra s R R ESR, SRR LLEER KA 30 - 50 FRRSH R,
BE—KERESFHLESKRPRFEYD 70% KKFE. 2 FIHRER
FEFLRBRERSEEE>DRELA . WFE 2 TR EBRRERES
FREH. AROEJEACKAEENATENTH. EBATIEH, K
BAHBELARBERN 0%, HPRENBRSFRRBEN 6%, FEREY
WREFREK 30% . XM TIKRBSh I BTHBRIET, 7 5% 2R
RIT, HEREBELHESER 3% . XPMETI 6% R KAE. RA
L 80% BME, HBREFRK 2% . T SHRERE=EN 8%, £
BRATHEREF S8,

F2 1040-1994 E—REFRTBRERBESAFECERNESN

£ 4 (Mtce) (%) FE 45 (Mtce) (%)
1949 23.74 96.3 1950 31.74 96.7
1955 72.95 95.9 1960 296.37 95.6
1965 188.24 88.0 1970 309.90 81.6
1975 487.54 70.6 1980 637.35 69.4
1985 855.46 72.8 1990 1039.22 74.2
1991 1048.44 74.2 1992 1072.56 74.3
1993 1112.63 73.8 1994 1120.20 77.3
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HTHTEENERR, &E, DREAER., RE IR, BE
Wir. DML AH], AreesE, PEMESSIHEXREDM, SABERBHX
AERAT, B AARMBERARHESE, DUSHEERERM., K4
BYEKREF LNSHR, FRESTHRABEOBETHE. mmHERANER L
JERZE BT % S o

o 58 0 2 PR R R o AR 0 [ R

BREFRBEANAARE FENERTRINER RS8R ESH
ZadE BEFHAMNAF, BTEX, S245PEOFRERBEANE W,

FEHRREFHERAHEHBRBEIRE, BEE&. K. SEEFYOHBXTEF
BERAREH, bEMREBRE, XOEPERE 6% RAHITHFR. 1B
Aesit, FHEREHHEERTTEEE 0.2ha 1H, 2 1900 FE, £H
B3 F OB R M TE A EaA 30 7 ha, #H24F 375 5 A BB (b B A $HHb
47 0.08ha, B 1.2 TH). Fit3 2000 FEYTRRBEIA L HKIA 50 T ha . EBERF
EHREEDA3.04Gt, HHL 1.2 7 ha BEMLL 130Mt B4 E. TG BR
WSS WE Y., SEVHKSHE L6, BES6.06m® XAUBBRTE
R K EBREFRSHERE, TEXNFEEREE.

78 1 1 TR o A B T

o BT, BHATER 2%, JoERE0 A AR & K bR B
1128% o T E A AZEILEE . TR0, “ILBEE", “HERE" Bb
A, REEENETNFE SEARNES, TAERS LR X ERFR
SRR AL L IR 4ROt R AR T R

b FEBEMERSHBAEEETHES LR BEETIERRED
Bree, BRESBWABELERTHNA, REBBRD, BAOSOR 0 RER.

o FEHEMFAMRSEASERMLEME. TIP3 RFHE 10% B
b, TAPERP R 15 -20%, KB RELEFHR 0% LRAERHE

38




HE 30% ,

d. MEIFERERITFHENR, RBEELNHEEREEL, 1990 Fkd
B RIS 93.9%, 24T TSP S # R 90% , EXHHESFHIAYEL LBEFL
B, B2 EREHERA S0, & 90%, M & 70%, 1992 FE4HIA 14.72Mt/a
1 9.9Mt/a , ZEERAEIJLEM K —WREFHNESKPF 50, HFHE 10 KB
P ESERE=, H, %, RSN E=, L. B/LL

GLR, PEHOERIZEN—KER HEFBMESE—BEREAR
SHAE. REABOEFRREFETERANEE, ATSETENRE,
DR IR BEGEBERHABEAREA-HEROERK, URIEFEORES
HIH AR R

B B R R R R R

HHREAASARY RERTZ, BEHERES. 25, LT, MAnEd
B, ERETFHFEETRENEARENA. BK. BEKOLENFIAE,
FHmEES, BRXPSEEES, EMIIBPARBIZFER, BE™
min R, B BRI EEMA, BET5R. BRRESER, KEXK
HERMABER,; EMNHTEHAERRERAR, WURHLER, KROKMAS
RS, #@E, BUREMBIERBARFFNIHRAEARE., PEEHA L
BregdEAED LU DB — B DU FEBWMER, —HREEROES
FRABAR, BRFEEXBIIMBGTIEBA NI HFESFEEIRORE. £E
WE—HREXHHTRER. KEBEKE, F—ARMRHNERERIE,
HEE—MEFESHEHE, FERREEIV ENA.

REFEFEFNARANZRERR
SRR ek n T

FEREEZAMERIEEAR, GFETE, B BE%S AHERFHEY
MR RE T, 1994 FIBEOWRENFTBE ML= S50 A sMt/a
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M 15Mt/a . FEBEP L s0% BT HEEE, EB HRBED dd 60—k
KEHAFTHRE, ENAREARALZ. HRORIHAY,

R3 RBHEHR
PRIk ERRES BBk

~ 70% 14% ~ 14%
~ 59% 16% 23%
~ 58% 17% 24%

RIB RO T 60 - 90% BIMAA, FWAREL 20% , HEAKHD
RFAROBER, HREH, TIERESHEANHEREEFENTE, RAELE
ABEH, REEFRLEFRESTENEBEEARNTAINENEMER, £TF
PR RENRE, BRERYE 0%, THEFR. MEYGHRPKENER
A, P BPRBABIK, IRRETEERENHENFRABHRETE
ENER.

FERBERE B EENAF, EERPEUHETTARENIHE Bircgd
A6 RIS, 2 AEMAT R—RRETE . KBE L Texaco ST
LEAEURBESFMLRE ™, HEE AR BEARENTZ,

£ 3inhid o

REREE 0% B TEERE, —BXBEBRASXNERENSGP,
R/NEGP— B EBEHBERBAY, HEETIA 60 - 70% . DURFIKHMENE R
AARBRANBRBRPETEREXENRETRNA, HEAFAKSAP
(BFBB) W4 ERAN, EEFHNENEFRAKSE (crBB ) DR
BEHEOREMERBNEBERR, SRER 20 ZXHE, £ <130t/h I
CFBB, BEF 300 £ 8#iiE. MERMLEKMRE (PFBC ) £ EHTHEAM L,

REAFSRMERE (LH) BT PN (1MW),




BE AR

BRSMN : BN EERTFREMNABRNE P, . PEARAES
HE, RERAERTARENSHE, BRUAKSHEARE. Relat, &
EHE_RKMERCKRBEER S BEIRR BERBEATRES IR
BRTPENARZBE TV SAPERE EBIRINF A E, BN 60 FHAM
Frh, MmE. AR, SREMBERSEFOSALZREADRREEF
BT, BRIEAEKERTBRASMLY, KERSAP R ESAE.

BT R EREREE, AHE. —HrBSeLFRANEE,
AR HEREROMAIT T HEEE, EERRAE RS AR
[LPHRBRASYHEARE, NTFEESAERESRROER, EEFET
ZHET LA .

WEwHL: BOEERLBMARENEMERMEEETIZHHER
F, —MATDAN 4 WA 1 Wi, HEARRER 50% , EESE
ARBAMENAEIE, ZLENEROBEEEERESE, WEKEPRIK
WHRSEG, BOEERAEEESE L, B EERER B #4074
BAA JEURES R AL BCER E mA K . 7E R 100t/ PIRETEERE |, E&B@ 2000t/a
BT R EASERRE, % 4485 ES.

BT EPEERGE HAEBRTEIHESES, EEREL
W= RFARTEERRNAERE. EROEETE GIFBEOERMSAER) 7
HYEAEE#REEEEM{ENZ B Bl %% 25 3, ( Multi — stage Rotary Furnaces,
P MRF) WM IZMEET TWRE . BREARARRES - RMERL
RIRBEER G P§3F R ¥ PFBC — CC B WAL KRB AR B A= (K,

- B, R FEPHEH. EXEZGLHERZF HE MXEETESRH
FENSENART G, ~

B AL IR SR R BB E T B AL T2 T rh R R
BR, BETHAESARAEETR. £EFXNER UNDP BHXET, &
FRMA 1GCC $ARM PFBC — CC HARMRE, JBS (SR WL (
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Hot — Gas Clean Up, HGCU ) AR F R TIEMH BEF] . X T /X PFBC — CC
R mE S 4k (30 Texaco B Destec ) IGCC I BREREREEM,

HAtb . $txrHAbsp HBE=RAH P EEN ENDRBE, BFA,
BV HTRLE, BRESHMBHHSHAFEZERNFRIHE FEERY
Y A s i T

REFEREFABRASCHERNEREER

PEERFEMNREYBRHAE . BEXORANE A FTHN
BHEAHEERTSER. AELRHNERNIFRLEETF, TEFESHE
BRAEREBEFENESESER, A TFPERRETEHE, ELFXLH LR
RAEFRMAEEE. BHRERNABELTEXFREERRIE ML TES
BrBtin PFBC — CC, IGCC, CFBC %, #BiE REENHE, REHE, wHEMb
FAEREREIARTEHEART IV HB B . WIGEHFRILEKSAP (CFBB)
FE—BRAHERE 220/h, TESNEIS 700t/h . MERMKRBERESERER
HEARPELE I5SMW RE T ABB 58 P200 L H (~75MW ) K=z
B\ 350MW SRV, IGCC A H 250MW IR BERMNZ, FEYEHEAE
7, P EELERSE BEABATERRRIEN B, ERSAEREE
BN = Shell B RLTIEAT 2000 - 3000t/d B 4Ly, FEH HATR A5 Texaco )
AP =R 1t R 500t/d , MSALRAR HLE, BRIIET Texaco R 69% T fif
2= Shell PP IS ALRA R A 83% DLk, B EEBAEREEC—EZTTHE T
4, M EALRELE 2000t/a BREKF, BZEEREUGFLEN, FTEREM
EERBEAMORBRERE L, SEAXEEHEARRRTEOFELERIBRK,
EBEARFEROBEALEEND.

XFPEZFFEFABERPNARFANLSRTESEIY
FEE-TMREEERZMAMRRUENBRPHELFESER RN E
Ko BIHIPERE T P ERKILHEREFD A LUE A £ #& 3 LAk HI

YEN R E AR 5 B P E R RE R R B R L 45007 4 550 B CAERBIFRR.
Rt BRESENABRRETESE BN BN —EAER, EHGR
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FARALHPENBELAEENEESERE: MBEEE RBEHYE FREHEK, &
B3, RAEDRBERABEARRN. &5 LANTFERFEAEREMNARAR,

FEEMRMNE, REHEA—F MEFABSRENEABEE—EZHRR
W, EERFEFREGREARN, NAXERESFHE, B ‘BEHE “BE
X REIE” HEESERTAR. BI04 5 6955 B 9 % FEAL K B9 <
., RELYE, ARBERHPFBC — cC LY, WRKBEMES BB & KHE
MRA 16cC B s WA REAHREESEFARBAESAY . MERRB
75 T RERRE R, R EEEBL, R ERKEFREE
WHEEBRLBRE . .

BRANABARNNABEZ, FRIERES> TihE, WEERR
o ERNERNERH,, MEXBER, XA RAER., MKRETH
A B R LRI BORIF D BR R BT 5T, IR R AL, MERIRARL b R B,

NEFE5EY

L ETPEENHE. mEEREPLEEBMBEHARSZAHIR
%, NPERHKGEEES, HotEZPRENALBFRBEK, HEE
AR R RETEAEHREEN,

2 FEEILTEHRET, BOBESHNARRESTHYEREHAT
W, BHWSRAEFXEBMHEEZEAIRNTHRERERORBRERES
[

3. PEBHER B EAAANS, TUWEMENER., KBRTERL
HHEGEBKENEES, EX, B8, KREPRABXEENEERR
X, BRERE, EEFZR—MORER. EEZNXMHFRNMEREE, B
A, RmIAAE ZBEESEAESR (. £, B%) Wl WTH
ARMEEFKHITE.

4 ST ERENRME, REENARNATERIVAFNER &




EREGHEAR LMMNRAXREYTER, “‘BERE", ‘HASHE” XAEE
HESRE AR

5. BINESENMBEESEUNEFEESHEEARAVER, EXBE
e sedt I, TTHRRSIERBER, ERXBESRESARF NS THME,
BEEARERBAR., BHEAMBRBRBEA=ZFE.

Bk

L HEERPENEREK, AEF (BEHBEBR) 1995, No.1, pp.16-18

2. AFEMEHRBE) , ZWAE, BOSESE, HEHERM 1994, 3

3. REBEH it R BN, BBHE (PEMBERY 1995, No.il

4 BRESBVAHBEROHEERER, BH. ENR, R4FHA (HF
HBE AR 1995, No.1

5. PEHERMIABASHERESER REXR. BIr2 (HHREHER)
1995, No.1

6. CREBEEDE) , 199, FRARKNMELHAHZRASHERT
AZGFIHT,
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= oSN i £%

[= ] ®ra

0 250 500 7SOLE
[ S D

B 1 R E SRR IR R

1— ZTBRK; 22— T4X; 33— EBIR; 4+ TAKFARX; 5—
HHERK; 66— FKEK; —AZREPX; s—WREHHEH; — kT
BH; 10— DKEH; - RITIUAREX; 12— BEK; 13— FE
BEEX; W—WiHnee (B K L-BEERX; 16— HEEX,; 17—
MEX; 18— EFR; 19— BEINK; 20— E£EFNR; 22— EHF
X; 22— WEEEX; 28— KEWK; 24— %R; 25— HEgHmREF
WH; 26— YWB/RIEE; or— FRR; - #HEAMER; 29— LK.
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HEBRDTIAEGREX IGCCERBEARMRE

ELXxt ®SLZIBNW
FEIRDTUBHERREAS
7 E &t =

HZX Bt B#RA
RERERTIERYERARMH
B E & E

i

Ak S ALBR S 1 FF (Integrated Coal Gasification Combined Cycle , T #K IGCC)
REFERRBAMBEREBEARAPREESE, HEEH., ERERBB R EER,
EREPFEAHBENBEAR. TWRIEKUBRABEENYEZEEMEHELR
- REE B, REBATRROANRY I RE., SGEMSE IGCC ., HLIA#
SERBENSEEBR BERENRE#ESIE (R) SEOKNMBTEIG
Hig, REBWHOADLAMERERRE IGCCERBMNET . 1GCC BAT
BRELAEEETEARRRER HMEHREECERRFEHNIEFR
B RBESEETER,

2ELZRERELFERLZBEEHNR

BEFWLAK, REBATERETHRATTENRS. 19850 £2EEHB
BEHLRAEEA 6587 F kW, ERBEN 3006 12 kWh ., B 1995 £, FEHLE
AEEBEERD 21000 F kW, EXRBEIET 900012 kWh . M 1996 FEFY 2000 £

“HE” HRHE, FHESEFHRBRELER, 44 1600 7 kW ; 3 2000
FER, DABRTIAT 20000 7 kW, KX 1980 FELBBEYERK 44 15 EREBE
iAF) 14000 12 kWh, K 1980 SE R BB 4.6 5, HIL, 2000 EFRBEHEILLE
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BHRBEHIIERIRE L 1980 FHAEFELLE,

EREEHEEN—KEFEHED, DERMERAFEE . REXHER,
— R AER AN FERE, REXIREIAFTER S HAIRK. HKRA
KAOEBIE, BHHEHYKGHM., F1KA 1980 — 1992 FHRIBEHER B
BEREE, REBEBURKKBLAFR Y, NE1TTLLEH, M 19oE
Fis, EEENRBHEBEELEEYD, KBUARTES 5% £FH, KB 25%
Eh; EREHRBED, KBABL 0% LR, KB F20%Eh. BEX
W, E4SERKRENEESREY, TRERIAFENERBE, KHEK
BIESFE—5%, KELHASKERE—E, B3 000 £, KHIAAEE
Y24 22000 5 kW, KEHLABZEA K 7000 7 kW, A3k 29000 F kW ;
2000 SE K IR BHAERBBBAN 11200 2 kWh, KO KBUAERBE
254 2800 1 kWh , &R 14000 Z kWh ,

£1 1980-192 FXHEEFRS5AEE

F kB & & X & &
4 5878 KA | kA | B | K| kA
MW % % TWh % %

1980 65869.1 30.8 69.2 300.6 19.4 80.6
1981 69132.6 31.7 68.3 309.3 21.2 78.8
1982 72359.6 31.7 68.3 327.7 22.7 77.3
1983 76444.9 31.6 68.4 351.4 24.6 75.4
1984 80116.9 31.9 68.1 377.0 23.0 77.0
1985 87053.2 30.3 69.7 410.7 22.5 77.5
1986 93818.5 29.4 70.6 449.6 21.0 79.0
1987 102897.0 29.3 70.7 497.3 20.2 79.8
1988 115497.1 28.3 7.7 545.1 20.0 - 80.0
1989 126638.6 27.0 73.0 584.7 20.2 79.8
1990 137890.0 26.1 73.9 621.3 20.2 79.8
1991 151473.1 25.0 - 75.0 677.5 18.4 81.6
1992 166532.4 244 75.6 754.2 17.4 82.6
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Baf kA REIAS, HRAMKBILER S HARK, RAAMEXR
RMBRBEIA R BILLL 150 7 kW, Byl /s o e DL R Kb %7
SRR ENAERENERPAL 1%, EibERE “kKARBi” HROE
AR K 1R BBLA.,

L R X E 2000 — 2050 FEREVRARBE FIBF T EBH, 2010 , 2020 F 2050
EREEN ARG ED 3690GW . 500GW Fl 820GW , ZT g HIFE %
B, M, SOPLAE S —ELal, 2010 . 2020 F 2050 EERIBEVL AR KE AT RE
4 BIAE] 45GW . 75GW F 150GW ,

RBHERERS SO, HH

BERBE X RBEHLA, FE RN REAE, By 0% (LHY) E4,
WA EIEREER, 4K 410 7 ) /kWh o 7 “ALRE” X1 E 587~ 3R
BAHRBIA —BERHATSE. B%E, §FE (s0oMw Bl E) Bl
41, B|20004E, PHBMHE, WTEESD 2%LHY) £A, LB AER
A7 380 3% (B 4) /xwh . B, B 2000 E 2 EREVAENEIRERBHAN
43 2w, JEE, WMBRARRAEITRMER, REXKBIHLEHRR so, B
RISRA LT AR — A

Mo, = 2B,(1 — nso,)(1 — 04)S%k = 0.0625Z 84 / £F = 62577 W / 45

X,
Mo, = S0, HE(E, Wi/ %
B, =REE, 4312w/ F,
7so, = BRADBEMIE, 15% ;
ga = REERBEBRR, 5% ;
SY = RIEK N HBEHSE, 1% ;

k = R E EALRK SO, W8, o09.
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Hm. BREXEE

AT BBE WK 1 K LA R KR so, B ], REEEAMER
RIEERAESERORMIER, FROEXM. AW, EFAETER
BARGHE :

o EREBHE, ERHASKEBERMERE.
o WIHRR BTG REB), EREERE R SRR .
o MR TFRH, WEARI= Lifac BRARIEHE .

BHNBEEF B EERRTIREH S ENRREAR, WBkekiLBms:
R, ARBEERE., BEBUERETREMFPARSREESEES, EEEIRE
FIERKH.

ERERERRERENARK. RERENRBEFREEL, EIRMEFRE
KF, DARHFREERS, BB, DN FHRESHTILKE,
EATRER BRI, RABERROEBERATERE T SR BN EE
MIFEER, M- THEFRRREBRER BOBRYHR, REH
RABMEMEFHE. REEERBERBEEEREEAR .

o RE A 100MW FEIRFALEE (AFBC) &%, EWIEZESI#H
A AL _EInEFF & 200MW BL & 300MW AFBC 4845,

-ﬁ@%~nHMW%Eﬁw%(Wm)ﬁﬁﬁ%%%,ETwﬁﬁ_
EEEGEMNEERTSTBE,

o REEEXSMES, S 2000 FHF, 7B ANRR— B 200 — 400MW
BB B AR AN (1GCC RIBME) , KT — s
R, ML,




MUFTERLEAMEREEREEBEROTHE., Tk, =~E. FHSHE
WkE, 16cC RFUTHR R :

o IGCC BEARRBAMELF. CSHM 2 B 250MW R HERTEBEYE, HHt
W6 BB 250 — 300MW FiML M RVE B IEAERE, H BT AEERR,
BARTEET. IGCCRBWER=FEEHERRETERPEERKX,
RV B I PLAL,

o IGCCHEARMEBRE. DERMA 2 250MW IGCC HLEA, HRREEAE
43% (LHV ), EERBEEOTEIT s00MwW HL4, %R EEELD 4%
(LHV), BUARENAPHREEAYLE,

o IGCCEMFAAT. XERFEVERNBIFEEARAF L (METC) KT
Wi 2 Brom @, 1995 — 2000 4E#H Bl B B IGCC H3E, N{UHEE
AR E) 45% (LHV ), 4t a] DL EG B BUBR A 10 B B HLZE 4% 20%
A 3 $1200/kW , ‘

o IGCC BeREIENR . 1GCC HLA R B ol AN BRI FMRIE R e bld,
IR REIR T . BRBRTIIE 99% , BREIIA 90%, CO, HE B W4 30%,
H A 1ccc R, MERADURTFHERBEFRGFEFEBRE
IR E LR

F®2 METC ¥ IGCC AT

IGCC £ B | % X | & # | SrcEH
;AR (%) (8/kW) HHE (%)
FH—4% | 1985 — 1994 | 32 — 42 | 3000 — 1500 15
AR | 1995 — 2000 | 45 1200 | f&20
=48 | 2000 — 2010 52 1050 & 25

KB TE #5338 1600 By E 3R .

51




IGCC ZRFEXREAR., EFRIBEMNS T

BEMRMVERLIATRERERBVBEEFSANREBTHNBRE, Ak
RATHENEBRSE, REFEETH IccCc RBER. AT 16CC HIEHE
BHAEERNERNE WL FE— SRt PBENRE, HigmEx
D IGCC BARBRIFRTEMER, TREFMIFMRIER L.

IGCC AR R B AV (G

BB BEIU SR JLBE B2 B AN IE A8 B 35 19 300MW 4% IGCC R~ ya iEul, BEik
A 1GCC HARCR B EBARBBEA? A, AMEERDMEEBRLM
ARBERBAR, %ﬁﬁ%ﬂiﬁiﬁ&* BRB BB BN M AR, BT B 1GCC B
R RABIAR 7

X— R, RS THHRRE. SEREREARNESZHR, HiX
PRI, BARFT IGCCHEARRELRIMFE AR, LHRBIN 1GCC HL
AR ERMERE, YEERFHSERE ., SREMB RN BT RERENM
. NMEARREAEAR, IGCC BIFRNEELT LIAR] 43-45% (LHV), B
BRYSRBEKENAS, BERLEEM—MULE RSB A KRR KE, ¥k
FHERSABEARSG, HRITEATLLAR W 43-45% (LHV ) BEEBIHEK, ¥ 16CC
ME, SRR “ALERE” OEARSEE, MAR“SPER” HHEREXR,
XS5 EREKREBESEADFAKBEHBREEBEAROEER LSRRG,

LB, HA71GCC MW ER B RAMABREARER. —HRURA
[LEHMRBHERRSEAREEAR, BiHAL SEREEA, BF
ETEXRHAEERET. A—RERERUERAER, BirttF L4
BPEER, m#ﬂ%ﬁl:ﬁ‘*%ﬁﬁfﬁf_ﬁ B8 E B ERASmEKRSAP
LRET IGCC HiYs, BRTHARK—BLZHHAERRENSERERE
oh, EEMEBRTXWEER, R ELEFREHHFAREARTE . Hit,
MRBEEEFRET UMK EX—R 16CC Y, BERERFEK
AR, NMETMUEEEARROEE, WEHMEELENERENHRAE
B, FEABEARATILERRSEFENKETL2REEALTITRS
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WRSAL BREFAREREREKRBREMHRALEE. NN, 1GCCH
RURRERERBEEEEEIRPEERALERBTRAEERPOITR, 2
REBNEBEBFRMF RO —TER,

IGCC & #r BY1E

B#% METC BIFR, 7E 1995-2000 4EHME], HESMHE IGCC BIEBEM LA
$1200/kW , HEERFBRMBEHEEXBIEHENEK 20%, EEF
HTTRE 7

MES— BB AR EFRE, METC HUHWNFERELERN:

#—, METC A2 HI%F 1985-1994 FE WA 5 ML BB, M AT
Bk, A2 d4a{sE Xt 1995-2000 FHAE O FR A LRE R SHERK. 6
i, 1995 4E &t A% B 3 B Wabash River 262MW E [ 2iE IGCC A0 Y, AH K
YEM KR $1511/kW , BRUERK 40% (LHV) 5 0 RmERE 7 =474 H 1 5200
FERITUHEH, WE s1366/kWH , B F A5 ERBRME E Tampa 2600MW H &
IGCC JRyaEYg, A HEM A s1460/kW , ¥ FEHK 42% (LHV), P EWT
12 K928 Yy 88 th METC B30 B9 5] B 30 B {6 $1500/kW B BRI — &,

£, R—EBEFBEEERN METC HEBEI A, Fin, 19954 6 B
EIFEESHPHERBEARAHANSE, HHH—RRX W KRB, IGCC
B FEN LIS ERFHIE MR EEE KB EN S EEER WA
AEEBRAWBEEES, BREXBAFERHNESES.

$£=, RHE B IEARERN IGCC B, ARKHEN AT A HEREE
BE 7 M, BF 1993 4EH AR A A 22 Demkolec 250MW IGCC HELYE, 47 $1858/kW ;
R F S ERRETEIETF Elugas 300MW IGCC H¥l, X $2303/kW ; ¥
Be T 3X thF B A K L4 & Hr AR 2

DL BB S A, RET 8RS BTAE I ALY, EWRE—IKE 16CC
HIEHATREE R BMEXFEESESERTRENTY, WAREEN
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TEHERTREERS -, XKEFHEHEEFRFRK. A, ERPEHE
FH 69 #B 2 78 B Siemens A R FIREHL, BEMIFALEXEE; #1993 — 1994 4
CRSEYLHR) 5, Siemens 94.3 B 220,000kW HLAL M4 $178/kW, TiE
H GE PG9331FA H 226,500 kW ML, 14 $192/kW, B & /G H B $14/kW ,
BIEHEER RS, EE Tampa BT HOERERY (Syngas Cooler ) LR
BENLE, &R 554 E MAN GHH A B FIf# = GEHO A " MK, XEH
TRRME = 5, 7258 B IGCC Huh AP & Ml BE A R BEREMR T ok, W ILER M
B~ REMIINE ZRBREEER, BRE AR ERIK.

BN S, RAURIERATE KA. REEZEHKERHE—
BB S TEIR RN Y ( Cool Water ), XEHWER, A $3000/kW , HEK
WEE— B IGCC MBI EM T ES, EEMEHKEREEE - BEREBY
( Tempa, EIFERH IGCC ), B FEF $1460/kW , 3CHR [4] BT ¥ B9 1IGCC B3
B, NMZRIRETENENEEN, H ERBICPHEEABAE R KB
HABEREY, RAMEH.

EEEERNE, BENARNEE, BRAUEEXRT IGCC HEARMK AR
EHREHESCFEHOKEE, GcCHEARMERR, WRENHRS, AR,
FELEMEAERKBIAENHEY, XS5ERE, THE FHBERM,
ot EA BEARX —ERE ? EABRE IGCC HLAREMZITEE, RF
BEELE, BANTHLF2REE, NFUBEKNPHHEFEHEE, BB
R, TIEEE. Bit, AEXOTHRENRESS FEEE, nREESN
BERBEZR IGCC WENMMEMR A BIHAMHYEYD %, BEALH LR
i, MAETSBAER. BERAE—ERHEEY, RENS—F EftbEets
BEE—L, FEXBRSEVEEAEREEANEL %, BERSEARXKR
], HEEMAIMALEERETENKRBIANKE, SREYPAER—Z/
FERE, ERGRPEERERE ENEERABEARRL; mENS
ATEHI L, BMEARLEFHSHERLE>OL, BENOR, RENIR
R GE AT L H Bk ALK 20% BIEMKFE, XBFHHER, BRIAH
A RMEH, BREBEEHBRRBRITHN,




IGCC Fi% 5Bk 3t Rt 30 2 ¥ a0 4

H A X TR IGCC BISEBNE, BEARARER, A HH
AF 43-45% (LHV), WERE. HE, REKERIRE IGCC B, B
WRETEH 2% (LHY), BEERANSE, WHKIAA “EEB KB
WA 2% (LHV), 4 %EZE, B3 36% (LHV) RAE T

HTFRRHERY AT RBREFEH ZMRKO K FE, W KHiL
WELR, RERGE—FE BEEARRE T LEL, 7 1994 F EpE,
EAERAEEEABTEANABNSTOR, SBREBRESTANES R
B, XRAKBERKIGCC REREHTT “REKR”, RYITLLAZ 2%
(LHV) B3R, 5 NP E TRV, #RTRKEXEM £TEH A
KR ARG 1GCC Y, ERMRUKRRERE . [REBR M T Z MR R
MRSBINEET, LATRIHTZEE SRBERBRE 1MEHR
A, MABRSRSAERRAZE HENEETREIES N XBRE
0.5 NE S RES . BL, WAEREER BN RE I DUABIHRE S ReR.

MR ESTHEBEREERANRE, RATUEY, REWEREIGCC
R, BERMZERKESEHEERHAE IGCC BUSH AR, SBEA— B JLE
IGCC ¥, EF A ELFH#AR T LR L LKERIETZ, HTEHEERHR
TE, AREBEN BB, KEEIETY, BisSEHE—%, BEERE,
FENENATRERSIBK—%, BRESEEMNMKOBRMER. TH#NITE,
HNSHERE, EEAERNMBENBXER, TLIHR, £5EHESKN
B, TEETEIRESHMR, BARSER—FMITEL “MERT” HEE;
MNP ERME, BRASAFEHSRK—FER, BEERAKR. B3K
BER, hESZLBINFEH. REZEEHERER KR SHUEEAR
BESRHRANB —31% (LHV) (EZEH 2% (LHV)) HFREFHBEE
B AR K L4, Wi AR SR B ARA R B IcCC B, AEREERE
AR, BHEEAD 5% (LHV) £/, ENMEARE, FEMEEXHR
7, RPEXFEI TR BEERKXKFTROVLSHEHE.
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IGCC Jﬁfﬁ-’.&'l!ﬂ‘]ﬁi“ﬂﬁ

IGCC SRR, ENXAT, YHAEHEBRLREFHRBER?
£ H Cool Water R TLHLYE, 7E 1989 FRMEBRAR T, mUNEBRART., B
M 1980 SERIILAE, HEIXNIET “LE”, ERLIASEFRZWESERY
300MW & IGCC /Rfa Yy, Bt RA 4, Hilt, — MRERKHERELE:
“IGCCX—EHB AR, EHREBBEAREHH, ETEHREEARER
BERHGSIAMEAD?” XR—TMTEAEFBRRXOOEE, BRI TE
V55 08 TV A0 0 A0 Y B 996 [ 28 Y K i

TXREAFELEEMERTIAN, BHT/\TEREE Cool Water 7~ il HE 3
R R M 5 b B MR e, EFRe R, R 2%LEV)
B IcCcC HERMBHRIR T, FUAEHIKNBSARBET FH. A3, ER¥#F
el dbiX A BB, ff 2= Demkolec ERME I3 A 43% (LHV), ANERKT, A
HAZES, MERRLBFE _EIGCC BEMEE TR ? SHHER, HEXHARRS
ARB I RERATET By, HEC/HEGZHE, A 1995 — 1996 FEHEIBA
1,700MW 2. £ B , i WE4F IGCC BB FARKBHEH, LRBCHEEREHN
HEANBEEMERN, FURENESRN REBEESNE WHE,

HINRDERIAKN IGCC BB RBEFABRBEMAN EEEETRM
HARASR (BFEAEM) HEMHNERE WEAARREN EXHE F
EEVINBRR. X—FHERUBRFAYWEERER BRESAEMT. RAR
REAMERATEFPA (NGCC HL) BMK, RARS (NG) M XUE, 16CC
BRMES AT NGCC, FREIGCCHAR, EMYRBFHHSBHEEW
KBTS ART NGCC ML, Lk, EAEER, RRIGCC BGEES
2, ERXBYARERELSL, BEEREXE.

FERRN R EERE R AN RS BB RGAATE Y REE N, TX
BELWEA N RARRBAGEN., NEALBBABARBE FE—E,
RN & FRER WY RAGEHTER, STORE, HEBERYES
LBEATESR (GCC) EAE, ZUMRSBIHADBRERER, WIEHRAE
EAREBRE, REREYX—BEEH,
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%3 IGCC 5 NGCC MEMMREIN AT R LR

£ B, 35 28 5] NGCC | IGCC | WM 4
B | BB (8/xW) 680 1700 1650
¥ | B3R (%HHV) 47.50 37.95 34.45
& oy YL RABXK H A
[6] RELE ! 265 | 15 1.5
(8/106Btu)
R 0.105 0.041 0.041
: $/Nm? $/keg $/kg
# MEIEEE 0.181 0.322 0.345
& Nm?®/ kWh | kg/kWh kg/kWh
BREL 2R (8/kWh) 0.0190 0.0132 0.0141
¥ | FTIHBE 2($/kWh) 0.0146 0.0364 0.0354
| e smirIH®R | 0.0336 0.0496 0.0495
($/ kWh)
W -
1. R EhRELT) BiE,
RASEN / BREW =2.65/1.5=1.77
2. SEITIHREL 15% , F 217 B EIEL 7000 /B
3. ABL AT IH® = R RB LA B AT
AP R H R B A
4. TSR NGCC K R BB A F 1GCC MK B A,
MR RS EIE Y P4 $0.193/Nm® , 24T $5/10°Btu
5. IGCC 5 NGCC R DBELLN
RARKED / BREMN =5/1.5=3.33

MEEBHEP O, TTUEEBEFHI—FEXR., 3 EEZECR
6] BB HAETHESBHO—BFERE, FENHRASKMEBERAOMIEL
A 265/15, FF 177, IGCCHERAEXEHAEFM NGCC HERHARFHLHESR
HREZERRLEN LA $2.65/10°Btu L FEB $5/10°Btu , T M4 LA F
5/1.5=3.3, MREERAMBEKBIARY, CFELHFBESH L%, FUWE
SEATHE, BEit, 4arE 1ccCc EMRBEEAE, THAREHERNYE
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AR, AR, TEREIRRR, BFEAMW, EMHXTBKE R, £k
IGCC W& # D D) $1,400/kW £ 4, BESHEEEHE 2% (LHV) P E,
BREB IGCC HEAWEREH; BERASMBERBEFTEREED, ANE
HEEREFAAMBHER 4D E, FRIGCCERBARBHEELHET,

“EEPARABMSER IGCCX—HR, AHFABBURXRISITHER., =&
X—HAR?” XAHKEREELEEAHERN, sTRENT—2EREA -

. HER FHAIRR SRR BN EEEE, RSSO
RELPFEE, 1GCC BILEBMBTFTHERE;

o BEURBLN B SHMBRAERBEO N BHMAMRABTHKB, 16CC
B Re % SKHLM B B BAR

o IGCCHEARKERE, MMIERR[IMAMENEIK, TRAMIEERN
fEH 5

o IGCC EARKIKE, XF/EEEHHBARESAMB Bl (16GFC) Bk
FEFRHEBEROFRER—ERHITEA.

AEWA, ERXES 6CC HERRBBRYIFMINR, WREBRFKX
A, WHRER IceC ERUFRMEHHEE ELHRKA K E R MR
REHHER, BRERK[IWE M SN ES, Sl —8E¥ 1500 -
2000/ W, HEREMAHIN ER—L, WEHY 00/ W GrH) Mt HERR
BB HARAES - 4 Bk, FFUAFELF ERFAE NGCC AR H
B, RET 2010 FEEET—EBHFN, LRERLIERER X R EHA
R EZRE, ES I6CC mibE s B ELARME MK BylAEMES,
FEMBFERTHERIOBRVAEY, HBWHEFELN, X —HR
DRBTRBREEAGIARIE. B, TRAB—FEHR, RE B HH
SARLAMEIR AR IR IGCC BARKBET, RERBRRIMAMEH
HWHRERTG—FRETR. BEAR “FEHHIARMHEH IcCCHLAFE
SIBFR” B8, WEREBRANZLN, REESRRKINEHENTRIE
EMERNMRAFEXNEMA IcCC HLAMTHI . RIEREEBCHEE




(RFEHEEFEE), IGCCRABKERLAELEETREARXREN, MG
HREEBECEAXRMSH ccC HEALBFH B RHHKX.

Z #®

o 75 E BT T 2050 40 (4 I F P, 480 7% TR B 0 g o AL I,

o HSKILTTRSE R R IANE FAR, AR F SRR I — T 47 3
#, RMENAR,

o IGCC RIEFEARRBAMEEERARPRENE. ABET., HRERHAHY
RHEER.

o IGCC EHEARTHAGENMBAR, #iIcCeC B EMN LI
S H R B RSB 20% , DEERSEREEENHIBRL
HERES.

e MRHEETH LHARRINENLARIEK BHIARASEEXEHEH
IGCC WTi¥gal 1. ESME T H B EEN R AM .. SWEKATEF,
EHASKREMRER IccC . “FHEIMKEMER Iceec HLARFBSI#IF
R MBREILEFRRBRIT,

o TNV sk E K DAARAL BEIR LI 1 R S VR S0 A 0 B B A, ARSE4R
AR AI MY IR IR, BB TE IGCC , BEBEREHHRFHA
MM () SROLHETESGER, REHWTHSADLHmE
RREEBIGCCERMNET . IGCCRARELFMERETEAESR
REHAHEEEBFTIEAR, MEHREACEAREANIBYRG
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4. BEUIZEPELZRER
B 215 B gk

FHEE BEIEWR HE
REKZETIUBRERAMRER
f B it

FEE #HiR
EFRBIXRFUFEIER
7 B L&

BEESUTE GFARSHARSUIE) EPEHXFIWPBERREDN
ZWNE

#®m

1995 FEHH E A 7= A B 2760 J5 I, BB 110 J5 0, AR YRR & 65% .
so FERLATPEUBABRBEEARESHFREENASW I LT ERAHKRE
ERSAA. RFFAS, XFHTERRE FESRA, BERTHABSRER
AHER, FEOTHEERBT RUEHRES TR, 1994 EFHHF~RZLHH 2060
T, BEMS5EHARN 1L, IREFESEHF I A —-PRETES
SUITEEARSAITEHRHERE.

ATRBHRAT, EFELHAE, XRRWL, FEERKBRRREGE
[AABERPERFBSETEFERLERUER. ZBRRWAREEES
FERELk. #5488, RE, BAZE, THEERIESESR. W
BE. WS LERE, 31995 FRIFABRANESERTEL.




#F1 SRR

A RERN BARRE % B
Wi /R
I 1200 B ERIFEARE 1987.7 7=
B 350 |FEELHFWIERIEREM, (19934 #/=
f & 23t
RE 1500 | EHIFAIER TZHREFR, (19955 8=
 E 3t
=RC)] 1500 |EELHFEE, PEE.  [19%6.2 RET
AEH: FH (AX)
¥ 1000 |fELEFETIE, 1989 2F 5| 3
AT : CTIP(EAF)
&k, WEE. Wdb | 1500x3 |EELHIFAIER T2, (1996 &3h TR
& B Pt
il Bk, BEE| 1000x6 |EEHFAMIERTEREE (BTG
W, XXk, 88 AT R

WELR RFESL

8 TRECKSMAyRBAMT ZHERANMESAY. FETFH: B
FHFERT (BENASELE 3 THHER E-REREAREMEEAE
m A RS RER DGC L) HFEARE 4 5 MR, /£ 16 Tind
SMHREERRBSR.

BHTRMESMAI LB ERTT AT AL DR = B SR 3
HTH, NTIEFFSARETRAFREHEARTREHSREIHER (XY
90% CA_E BB EI B RN = BRI E R, BESSEHELE., Al
BRI,

BARM T IWEAR 2BSATERE 46854 GF1£), HE
3848/4100mm , ALK J73.1MPa (A ), B H PR 16.69t/h, =%, 36000Nm?/h
‘B BREAR 8%, BB T 198347 A, 1987 FE 7 ARAEER, 2

62




ITERWTF -

1. AR R4 (V%) K C0,=27.28, CO=23.23, H,=39.08, CH,=7.93,
H,S=0.08, CpH,=0.03, C,H¢=0.44, N,=1.31, Ar=0.62,

o R DR EER (ke/h) K. =sis, & =20, KHE®
=35, 2£ =26, AW =68, M =211, 4EM =358, 4 =672,

3. 17 6 /5, B 1993 FRBRFEAETRE N DA EIHER 90%, BHIEEZ
WiEE, HERTH . BSMA, REE, MESHSEK, EEIK, #54
W, —HARRE R, et OPERESE. BARW) URBPREML. GHRYEA
Bardr, MM, KEE. &, BB, RBE,

L /\FHLE, AMEENA:

L B FREERUUALZFESLTHEE, ERREHEEMESRT
K,

2 EEMBREE, CHEBREEROTETBRERAE. £, B, &K
M. MEE.

3. KA B+ R AR,

|EELTHAERSK

FKERIT

ETHRETTEBEER, SHNMER, ToTFELE. FRNIELTEES
ik, BEitE, BEXRZE, ALBERAFATEFER, REBMYRE
RE, DEEEREMN. SHEN, REST TSI,

1984 FEFSRERLEFRAARITGH, WIFTIEMLZEIK
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#4a (PDP). HALWE i RERLEERM BRI, HARK
KW O A&, BNAMMAE, SOVERES&RENE/R, EEAEMB A
FWZEEONTRE LB OB, SFEMAET B 350 wijgE, F4£
s AMARE. EB3RAMRRTUTELE:

LAFRT “LR” RBEN (RS FmSARMRER RRE,

2. ot TN, HEESSL, WHRBSHERE, CRERRZES
BedIE . BRANL. BRIBMEIAR., BUHENRR., Bl WS, HEAER
BB RER 0% . |

3. M T LW AESRRBBUATEAR, FRTHIEARREETEE
mER,

4 FRTHEAESROEHPBER.
BITRAR
1993 £ 2 A SBRBRE, 1993 F 4 AE—KBRHEEEGRS, 1994 4F

2 BERAREF, 1995 F 7 ARAFBIRERITEREIN 20% . BIT5BITHELEER
RFE2,




F2 RITSETHEHLR

W H B Wit {E B1TE
SUES MPa 4.0 2.7-3.0
Sk ER Nm?/h 10000 11500
ASKRAR % 99.5 99.8
WA & & % 63 + 1 65 + 1
KAk 55 m3/h 18.6 92.0
(B4R K 18 37 Tkl S 2R) t/h 14.6 17.6
BRARAR v% CO 4503 | CO 451
H, 35.1 H, 3542
CO, 1853 | CO, 18.54
N;+Ar 0.14 | No+Ar 0.11
ERSHER Nm?/h 27262.5 33234
SAPTFFTE % 85 96.89
B R % = ~96
BITEBEPRIARGEIET Tkt

1. Y2

19934E 5 B, US54 TE6o0 NG, BAKERKRGR ETEIEE,
BRXRENBEAD, BEATHAEFFROARERTRAD. sHiLE
IR, 238NHE, BT FAEKE:

o XEMBHERPHFIERBK, RREMERLE, BEB3ERKTm
AFRAGHEN S B URKBEXREANRD 6, LHREXN
RiE.

o BEREFKFMIALTF S 4 EH, KKEHRBARALFHELER HE
EEEAMI, KAKHHIER T 000 N EATHER, KKEHRMAERY
BAHMEK,

65




6 N1 B 3L,

2. it K%

&k B4 H % E ZIRCHROM 80 Fl ZIRCHROM 90 Bl & B 7= ¥% it
T HARTES. |

o BAT

#3 WAREETHR

i H

BT E (D)

J;a'rm$ (mm/h)

i

1877.1

0.0317

ZIRCHROM 80

4679.6

0.0412

ZIRCHROM 90

1499

0.016

3. L&y

TV (BE) AFFLIZHE, EL£NRE5IH 4 ETZHHEM
B 1994 FERASHERBBIEL, £4145HBTHNR.

Fa TZHHEETHR

B

TG

5| BE B

66 K

BHR%

62 K

4. BB

AR R A BN LR B KR AR, W AR
#51510°C . AT BARSALBEE  EFEURBIER (CaCOs ), KA “LR” RS
Qe | ) (B ) W4, RO AR BRI, Wah AR 1280°C .




EBARE=ZEE (RE) SUER
ELERBR S

R4 59400 F—B), FEARK 2800mm, if KFEN R R 1676mm ,
B SAE S A 3.92MPa, HACE “#RF” 4 1500 B, EF-HFEAER. WL
LS AEEM T ER it %4E (poP) HATHE— BRI, 199545
A=, #3d—FE%, RN ARG RELRYEDRITEE.

U-Gas S 4L

U-Gas HEEBSBERFR (16T) AR, EBELTWLEH, &L
BT RER IR, L &4, HR2600mm, EHN06MPa, G
HAREE 120 BE4RE, 1994 4F 11 BB, HEMSE, BmBEOHEE, Bl
SBEAE. REBARRE E4BKKESHBEN TR,

BABLEARRS K

P EHAATBERE, ATHEEAGIESNTRRN, &
(27 —&), FBARNY 209mm, SAEIH 6.5MPa, BHHABEE B
B 820 Wi, ZAEET 1996 FF 2 A 238 AR, HWATRBEBE.

EShEBSE (SHF) BLEBMTAE

I —BE|#HFE, TZRIIRGEEUERERE, BERMIOERER
1T, AAEREDR, PEBRW MR, RESBETLEE,

) BERUMEI, BE. KESETTAH, 2B, FUZEEE,
REFEZAHE, TLEH. 2. REEFENR DEANELEHA
WKE, TEENIEEE, KEREIN., FIAESFELHRE.
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HERICCC HEAEBTUBUI TR RNERSLIEHE
B EDR (BESTERMNEEER)

9%

BABSABRAEREBER—MOoHBEBEER, BRERBHEE,
PHERES BRPEMRERBAORBREBERZ—. ZREBAETFRE
AR, BEES, S5 RBAE, ARSEAL. Ek, RSS5REBKE
BHARBANMBEARRT, HPRURXBHEAR, BoitF LELR/EHX
AR IGCC By HKAAMKBESATER, BT,

KAELEKBEERSAEARE 1IGCC B

¥ 7K (Cool Water ) HIBERAH ML HKBERSUER, —BPEM 16.98m®
(600ft2 ), Tt kFEWNER 1828mm, SALE ST A 3.0MPa, AAEME 7001, B—&
AR A 25.48m® (900183 ), T KFEWNEE 2430mm, SALE F14 3.0MPa, HALTE
S 1000t , EEYEER TR A 100MW , 1984 FEHIE, 1989 ERRATEHES . Tampa
(Polk i) hRAELH KBESMABER, AP EBA s51u® (18003,
H 4b 3 2300 FE, HISHINERA 257.8MW , Fiil 1996 FEHE .,

K H Dow KB SALEARK. 16CC BB

LGTI 3R Dow KBEESMABE R, SMENH 28MPa , BB A
2400t , 1987 FEBANELT, BIHENY 160MW , Wabash River ¥, " &4k
P (—F—4&), HaBE 2500t, 2.8MPa S 4k, BIEK 262MW, 1995 4E 11 B
#iz,

Buggenum H3 ¥

Buggenum £ F Shell SALTE AR, BIhE 253MW, 1993 4EFF T, 1994 — 1996
FEABIEEITH.




ERRBESAB IGCC R E AR MEHRE LIELT IGCC KB
MZGEMFERHE, BATREFMR. PEHEMEZTIVPRELEBRTKER
SALTEST . Pt RIEMBRELE, BENAET IGCC K8, B TREER
%, A TREEEZEHEWHENE, #HIIGCCETEHMRE.

hEKERSENHREFR

70 FEAK, B THREEFRBBESRKSAHER _ EFBRBFFTK
BESABER, 0 ERFHBMIMTHE—RABRETTHRAEE, ALER
24 - 35 W, SALESTERE 2.6 - 3.4MPa 5 BERWKBEN 55% . 60% . 65% ; {4k
R 1350°C . 1450°C J% 1550°C = MR . RE TR REFMMESF (RER
770mm , BELf&S 2400mm ), J|HEEHRP (WER 1900mm, & 9070mm ), F
MBI SH, NFE VEE. REKBERIUEERIIITT TEM.

BEIEARSUTHREER, SHLAIHERZITAR, il
B BRI T R 4 %2 F 4a ) PDP YRR

®iERW

PlEamSABEBEAR, CETLBEHET=E, 1995 FEBER AT
BEIHE K 120% , FILEIXD 96.89% .

KBEF &5 S

FTEHOZARIMAETERE FFH “LR”, ‘", “BR”. ‘K
BR”. “HME” IEAREM, KIEREBELN 65% , HHIBERARMAKAL
10 T AR, FFREIBIEGRMA AR ERKESESBRERT 13000C, HFHT
FR IR SRR T K FE 0 .

FLREEHRBHF

WMATFTR, FLIXELAD 96.89%, 1995 B RIGE N 100%, 1994 4F




12 A 13 BRIIEI T ARG EEBHR, T 1995 4 5 A 28 H BTy
TTREHRESEN. XBEBFAMEET FERE, REHN—KAEE
B F DA 32 4B,

FREBAEFFABRBERS B TASE (22, B2, Hig)
HICHAS .

FH 5B ARER

WA, 8RR DA R AN 120%, SN EES
BB I 684.9Nm® f&4 653Nm® , BHIEK S EH R IHEE 1867.3Nm®
H7 1882Nm® , X EZBH R TR B A,

RitSHEZE
iAo

HATIHE R, @MNERVUR Y88, RREETRHSA
H# 2800mm ALY 6 &, WHE 4.0MPa, HAGEAE 500 Wi (BEBREENHN
2.8MPa , HAETRH 350 M) ; ME/RERP T A EMHIET ER 2794mm AL 3
&, M HE 6.5MPa, B4 HABEEZ) s20 i, REDHHECLHEANATERES
BrEw 2R, $dk, WES% 9 £ HR 3200mm SALdP, EHA 4.1MPa, HpHRH
Ab TR 2 1200 B,

Tirf K %

H=E i EHF N THEE ZIRCHROMS0 5 ZIRCHROM9 22 8], #r#
AR —=H2Z—, |

Fo At %

FEERAFERET BRI, SEL. BR3F. HEdl. XRE%RE




5B, YEURIS . OIS, BB, RAE. VIRNE, B2, REEEABE
RE. BER. TZ2%%5 KeREEABRRTEENETZR,

ERESAEIZEKER cCC HR

1 REEAS T ESHROELESLSR, MEEATRBRER
% 200MW i 1IGCC 4L T,

2. EBHF LK, TEERIRES 400MW IGCC HILRE K SILEE,

L BRHREES. B, RANURBIIF SR, BENET 1600
B, |

4. KBEESUBTHBEARFERE . FESBESHER (~ 10%), Hig
BAOEFRA, BERE, BE, FEAP. KNEFRESEHS MRS
HERBUREREFHESFET.
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5. IGCC 2HhEALXRSIE. KT,
> B 7Kk R O BB ik B9 — I S BB R

ZRE Rt HEE #BRA
REMERIEZAYERRMH
R it =

AW S ALEE S PGP (Integrated Gasification Combined Cycle, f#K IGCC ) 24
BRMBRAEFAERORBEERG RN ERKBER, AL45HFE
B RREH—IRE. BERABHL KB IRENEEFRZ—,
HERPEHARFBHHRR, RFLE. PHAKHXBRBEFEXTTFOBHER,
X E 2 HENBERKREREFFERBRMABEESRPBREXEER,

hEEE 1GCC

PEAMHREAMERESHABERE, 195 E2EERERBE 1.208
Gt, AN—KBEFEHRE 3/4, HUHFRREEBREN 14, BREPEIEE
—REEW, FEMME HERAIEOBRBEHYEHEARSHZE. B
PEFEREN—MEEER: AEERFHBEARSZ A ERRATHE LG, ¥
SIRE S, DKBAE (A 81%) . KEBIRLENE (AE927%) . KB
BAUERBBRBIANE (D 5%), HKEESKHE: BES (1994 F4
413gee/kWh ) ; A EYHIREAX, BEARBEESTRTE,; #KEX, 2%
kKBRS HETES K. MEERZFHRE, HEFYH 210GW A KHBN
BRERRMEY K, EFKRAEHERBCERA Bys A B ayy, N aERR%
FSFBETS B ) () FE S0 38 4 TR

BR, PEHEHAEESREXBRERE, MAEXNEREBEEMNH
RRAN, BREEERNAZTENBEREE. HRAEEFROHERER
HERRHME, BRRKBREHAME: 16cC REFRBITREIEHELR
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BER, RAIEWGCC, BRETHTARBMRA:

. AERERBREANRMBRAEARE ., Bt H AR IETIA 40 -
46% , TFi-4LA ERE 50% ;

2. HABML, EHFECRMIAIMELEITEFER (300 - 600MW) ;

3. (R RIFARIERE: BPRAERARBREMUE, NERARGHE BEHE
R TRRRE SR, BME >08%, RYLEEERD, BI=RFEH;

4. BRSLEAMARRKE, BHEMRNT ., BEMBELTE GRS K™
RE, SEERAESR, #, BESAATIS 6,

5. KB ILE D, WHMRBILBUD 30 -50%, XX HFEEKBRE
A, HEFTVXBERH OB

6. EBRABRBEEAREMSEKAESIMALTIIHESABAEER, X
KRR CERHM. nEEEETTHREAT 0% Ll E, BEERLLEST
FIER;

TR ZREHAXRBMERR, A ANEFIREELERITR: TIER
B FEESEN IGCC, BABSABZSEFIEIF (IGHAT), BEHES
LR H b B A PE3R (IGFC-CC) %,

IGCC EHERLEHXRERE

E+EER, R LELILERFEEGMBER AT sy HHE /B MA
B 1IGCC FRATH, BAKXKEBAIYI N, WMBEA#E: BR—#HAELE,
BHAFLRIEN B, 16eC EPEE MANEENFREROEERRE
MUOLA (PC) R EMBIEFHLL (PC-SC) Fid Ik Fifb R MR ER S TE3F3E B (PFBC-
CC) . EFFTHEREZHNS MABETY, =MHEBERBEEFEC—F
2, SEFRFRABRRERE. HEHRSR#, EF IccC EHEBNF EH




B, WEMRKBE LRRTRASERMETHE, Xl 1cce £+ HRLk
(AT R i

MYk, 1ccc WRBEBSERANERNEEBRI;EST: BTE
HHERIBILAEBRSGHEIEE; FRAFAEASMUPRAER. BRENOE
SEHEABER; FARAZBERAMA SEZLHEREMBRRESE. 160C #
HREHBLRBRAETS R, HR[BRIVEROERIRERRE IGCC KIF]
#, Z1 7 HR[BIER ccc BRSHHRBE, BR, NT+ER, W
A 1100°C MRBHLA K 1GCC BHEDMKB IR BHLAMITE ;s WAL +F
fRE, B — R, TSR R 40 - 46% KA 1GCC X
B, IR EREDNESRREBREHTES. Bril, a7 iccc ikt
MERBHARREETE. |

£1 BEBHNEHIGCC ANERSH SN

R HWHEER | REMSEKETER IGCC
PR | BHLTh | BEER) BEALTh (ftes| BHLTh |HtEsk
(°C) B MW) | (%) | B MW)| R (%) | B MW)| R (%)
INTER 1100 100 32-34 150 45 180 36
FLFEMR 1250 - 1288 230 | 34 - 38 350 55 400 40 - 46
2000 £E 1430 280 38 - 40 480 60 600 >50

B 1GCC R TR BALE M B iA s2500/kW Bl E, BRfirRIZdem
B £ F $1500 - 2500/kW Z 8], FE{E IGCC B R BHME BE AN BRMB
%, EEFNERHEE:

1 SRS RBRE, RARMELRE FHREGREMLRE. WNAH
—RAREBHL (C BB H BRI H) MEHERFERLEAR, RABE=5T5
LK R JE IGHAT HI BBt IGCC %, BIARBED Rk B4R B ¥ 4F 1GCC BHE MR
AAETRE, # 25 GE AR (GER — 3650C) Xf IGCC HARMRER R A& %
RIIOHGR.




F2 1GCC HARMRAMAFMERR

IGCC RGERE MEEHL  |1ccc M BEB R
B (°C)  |F % (LHV)[BEA ($/kW)
4 W pCHLA 36 - 37 1200
R A8 M 1GCC 1260 ( F %) 38— 42 | 1400 - 1600
KBS, BEZS
+HE KBS, BEEH 1260 (FH) 43 - 46 | 1350 - 1550
KRl [HESRb, BESS 1260 (FH) 45-48 | 1180 - 1380
LHEREHE RS, BAZHM30(G, HE) 46-50 | 1130 - 1330

2. kBRI K 1GCC ISV AR, B2 ABMBETT K, H R
FABRSAFRPMASF ARSI, WHERF . FEHAHEN, BILE
BXNMBEHROZRBK . FIAHREH—F, BUENMHRITRE10-20%.

. M BEHEAMEBE, AW, T8 (BNE) BRENEN
BHBIKTHE. MEE CRSS 28 BXf 500MW & IGCC B E~ Mg
WMBTHEPTE S, HERN: EFEEENMBHLE—-E TR 0%, £
TGS, ZREATHNRABNRER: £—F, R=11; £F,
R=09; B=H, R=08; HEMWE, R=07, :

4. BFFHINESHLSEFEEZW, ETERBNPENELEXED
EMIKIF L. o pc By, EFEPLARN §500 - 700/kW , 24 FE 4 H4 530
& $800 - 1000/kW , H.7E 3% B R 5 [F] 38 W 3 35 B 43 IS 50% A 20% o XFF IGCC
B, XM RESWTHREHMAENER, WAEXEFRR IGCC HIFAAE
#r % $1500/xW B, MIZES HOEN (ETEHRLEISI3E) 7T REARR] $1200/kW ,

5. MRFI O B BEAL. 1GCC MOfRSETE T EMAFE P URAL, 5 HAFE L8
0 PC B E 10 - 26% MM W& MR A REAR 10% 24, FHRIEAI
HEEIE R (AETRE HWRES), NSHHETELE—PEE,

WE TS EREE IGO0 . PC . PFBO-CC SFEHFEMR RSN
SRR TR AT S, %0 MM ERENEIE, BANLREEOFR
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B, HEEREFER EAKEAESFPIIRLE N TR R
4 -

1. IGCC ZERFHRMEKESETHNRE LTSRN, HEEDHRE
ZIEFREFRE, pCcYLA L FGD 5 B R PFBC-CC #i24, R H IGCC
B,

9. 1GCC At BAB T BB PC Fl PFBC-CC AL (& 10% £4), 58
i B9 PC-SC 40X, {H1GCC FE#MPERE LRI, WARLEY X, Wi H IGCC
WwATLIRABEAS Y, WH—FPRERER,

3. IGCC ML XBETLYEH, AEHUBEARALEERETY
5 10-20%, RHERARG6-10% . BiF IGCC BRI —DRRE, FHEBHM
AR KFAREESE, HAVENSKIEETRE, Bt TitLsg
] &3 PC+FGD KIK¥F,

R3 LHAEAEZRFTRMFERSFHEERLR

PC
- W # FGD PFBC-CC 1GCC
HYSHE | HEr 300 - 1300 300 — 1300 80 - 350 200 - 600
(MW ) | 2010 4 500 1000
HtE s | HAF |36 - 38 (SC:40 - 42) [34.5 - 36.5 36 - 39 40 - 46
(%) | 2010 % | 45 - 50 (5 —4%)| 50 -54
HAKEW 100 100 70 - 80 50 ~ 70
B | SOx 100 6-12 5-10 1-5
(£3:14 NOx 100 18 - 90 17 - 48 17 - 32
(HE R e 100 2-5 2-4 2
&) i 72 BB 100 120 - 200 95 — 600 50 - 95
CO, 100 107 98 95
BAT S $/kW 1160 1400 1300 — 1400 {1400 — 1700
B HRA * mills/kWh 48 - 57 56 — 66 54 - 66 49 - 63

* B EREE/RKEEATHSFAFRE (B 1001 ERTH AT EENE)

77




hEERBIE R IGCC

BEFZENW, PEYHKREREY IGCC mimy, HEBRMEKE
W, REEEZEM. HHEXHEARATFROUNAEFR LE-EEH#T. \+ER
¥, EAMERRAGELERRARE —NRBERSTEFE “WEFT” HE:
—FEERBREMANBT ERRE URBLHEE, BAFHENE, 5
—HHBANTFREROBREEAR, REERNESGSER. FENZERELE
RYBHRFT . FEAE, BABAIHRATSHE-EERTRIBILE 68
R4 (B 16CC ) WNMAEMBIRMIEFRITE, SHERBEKRGETR
GHR. RESHURE MAHSESTHE.

hEBZEAR, FESHBREY, B, WLSHERTRRETE
MM STEREENA (BA#0K), HRTEENEGHHLE,

HRERBY MXE GE AR &, B4 H Mse00 RIVRFEL LK
KREPED; BAREREBI . RAREBI MEERRIL S E0HEL
MY SHRBH, REIREFEE, EFRBEEEEEN™ & RERFE
R EEFFRAHLAG A TAE s + BB e R Erp &l AT 10°c
EVRBANO M EESS; TEERERRE. EEMDIRY=XE
WiEh &R, WO RERS MR SRR RRESAPT
MM Bl 5I AR, CHAHAERTERARIFHRIBL.

PR WL R LT R B AT ERER, FRFRELULERAL
RERHESAY LTI ILTIBEHLT Texaco PR E MR K UL IRE
B3 BRTER B RIETUEAEF R T AT ARV I ERRBHR.

FPEAHOTZERNEHRHESAESE, WEEAIETREEK 350t/d,
BHHE 1000t/d FE WA BLE I 2x820t/d f Texaco $PEE, MR/REWRP &
MERIE SEELEREESFRNEEARERASALE.

ESEBSER AR EATE TSRS, S8R,
WEEEFEALE, SEMLERFROLEEY, HESERHMTR. BN
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H&URGARBE T ERE—EH%E,

23+ L2E0H%N, PEEELHATFHRRE Icec WERM. PEMBEWN
HEHE, MNEE., HAZHETHERZRMAE ERESNERSE,
IMEFF B IccC XBHAHRMERAR 16eC AT EH.

1994 EEEFHNBMB TR TRILFE 1IccC SIS, £FEN
ZHFHEBEARIE, MR 200 — 400MW & IGCC 7~ o LESEAT T Bl AT HEBH
K. KFXBHFEECHRREEN, FRAPEERE., K5HE., PRHAKRE B
BIREREM SR BREBRRARKRE RS, Wi, FEBFHITHE
ZBAEBE 50 — 100MW 4% IGCC B, HXPIEREFFRIATHB R EEH#AT.

Bz, FEENRBEIERRR SRR ER N, BB 8 E KRR
BREREANPEEAS, FABATEFKRENERERIHEESE,
FUN 21 A WBTEI R ETE . |

FEHRKH IGCC M ATIE
IGCC AIARBAEFEHAFLMIIEANA, Hln.

1. KR AR AR A FLA i, 2000 4 EEEHL S A BEIA T 2006w,
ERBERA 1400TWh , 2000 — 2020 4E B BEFIF P FE TR 25C6W
A, EPABAEHRBEEAE, MEH# 1 #HEF, 16CC HERBER.
FEAREREI, At — PR HAFERONES T, EHRHEEIIER 15%
i, W I1GCcC BEF 3000MW T,

2. B BIHHY IGCC BEAREHBOE : F EIA kB R ER K I H# A #B%
HsEEREREMBLEETRONEES, FHRERES. HEENETH
kW RN BRIV ARTEFRSRE. rREYH, YiFL IHENOEHEE,
IGCC BEREREANFE. CENAFRBYLES BRI MES/AEE,
R IGCC By, BF ) BRAKRNBAHERBFA, BEHEEND, VEFEENR
HE, EEVHERERASRER FRAXERKRENAHEREFHFHNER




Xt HT R R BB ENES .

3. I 2B B 16cC m¥y: FEEFEEMXZ5FERR,
AR REEKBR, B\, NHRI=ZAW, ELHRTR 20 Z cooMw KR
WO, XARRB BT ROHTLB K, BB IGeC Bl R

(REBV B - BHSHBREEF R BEE - 1ccc ) REREAM
A, OREY. HBFURBRIERL, REBRLIMELHET NA,

4. ZEEH IGCC « HEN AR, RNMUTHRRNSEBRETEIFkK
Repftsh, BRRETRE. Kb, RREAT>RRAETRS. IR NER
REBURSGAFA, CREBREETRA, BN SBEMEN cccEFEE
FXAKR, EBERREWATBFREPIGCC, RE—ILRELH,




V. EFERMRE

EERNFEFEEARR

(Y

Dr. Benjamin C. B. Hsieh

[V

IGCC EHREREHERTHIZE D

Bjorn M. Kaupang

w

IGCC EHRE: MIFENXATEREM

Dr. Carlos R. Guerra

4. BE IGCC HAREDRERAXM LR B B AL W5 it

Dr. Y. K. Ahn

. MEEBIWE IGCC KA

ot

Charles R. Black #1 Stephen D. Jenkins






1. EERESERARBRE

Dr. Benjamin C.B. Hsieh
Morgantown Energy Technology Center
U.S. Department of Energy
Morgantown, West Virginia, U.S.A.

MR R (COT) 83 R B 32 B AEURHD (DOE) R E WL 3EF 446
SRR LR AL 0 — R o L R0 U 2 R 2T B
BN, XEHAGENENRERTS.

EEFHFBRERTEHIK

SHFAXN B HHFBREEME N, AN F-AEAEFTOFENE
RBERE. BTERRIRREL, FEEBRERABHESH A EE
KRRLRIR, % EREIRFRTE 1985 FRIT I T M@t R, DUBXMEREEE S
BRAMAFE ERWANER, HEEEREERLAREBIRE FEHWE
FESHEVAEKAHEETSZHET.

S KKNE, ERBRLHORIES, BiTA o408 gk,
W= ETEETERRERTOEEEWOEARA L. EHREEEHN T i
LR REIRT K, BIARLEBEREHER R, NRAIERERENER, XEH
BFAE BIEL%RT, AN EEEN, UANEEBLEB, 278
BT, BH1ATHESERE—RRIEFTEERKT . TEHESREB
TFEH2ETT, PRGBS BB 67% .

KT E TSRO TR EENRBEL, FREHEE, B
RITHWERN, FTAS,

BFAEHERBRETMBG 14 AT E EEERBREEA -+ —HE,
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XU B & B A S8 1,000MW, )T BE R B EE ST sooMw, B (A A
a6 fZET. XBHHESAXRERZRWEHLTHE: #h38R, 8K
A, X ZHALHE (S0, FEE Y (NO,) HBAEREH, ZEIHEEREAKRNS
B E S, R EE BE R B R AR RE 150% . 7
X—GE N FERRBBEEESABRA1E3F 16CC), F 5 MME, URTKEK
e, BeAME,

155 2487 AR PR EXTIR MR BB B I 2R, MEME T 6.86 23E TTHY 19 I
BEgkiEdk, ENBRTFAREAREX -GN, ZEEANEARS
R EE ) SO, FH NO,, i A% 2 15 %8 DA K A B 4 Bkl i 1), sXeB R B 7E
AF 1990 FEBEHZHEBERPWEKR,

ERRM T AEERE X —8EE s P E M ERET 519 27T, B
BRIFZHERBUBENTRERWN EANHEHRE.

A—AH A HEARE T MARE KRR B EBY 13 28X B
BY RETMESHRONA, MEKKSP P UERRBTERKEKRE
EHHRADIERIR B HER Y

EEFFEHEARIGCCTIH

IGCC BEARTRENEHERBHETHMELBEBEXNESRERERZ
—, XBEN IGCC AN ERRANANE LERES, EXARIAHHE
FARREAHFBERABAANERECSH P RERNEHBERBIRE, &
A~ IGCC T B & Wabash River BESALE R E R B E, Tampa B3/ H) IGCC
i H, Pinon Pine IGCC BT H, s TRA T 1GCC ZIRERBMBEEFE
HRFEREIE.

Wabash River S E HERBIH — £ A4 IGCC HHHT B M
BREAEESBEN—1. 1995 %11 A 30 BEFBRERER, HBHEEHRE
FEILFESEZSITED 1998 F, HWE F 1991 Kk, B 4.38 {ZFE 7T,
& PSI B8 J7/A 6] f Destec REVR A TR KIS WAV, ﬁﬁﬁ%)‘ﬂiiﬁﬁ%ﬁ%ﬁ%




269MW, 4L T ED 522 B8 M 1 West Terre Haute, J& B A7 3¢ B B A 19 B HLE LB

AEF B, TP B AR Destec 24 F B Z B R B S S TR KB BE
BEATE, TREBEFRREFEHBE GE AR K FA BIESERE RS
BHRFEANEERI ) REVIPH—NE RHERE. —PMHEBEBERES
R RS H SO, MHE B WA 98% LL E, RE{K NO, WHER B A 90%, | Bt—4
BRI WBEREDN, B X—RBREENHBMERN RS
KA 2,150 keal /kWh, B 40% LHV KR EBE, 1996 ENBITE R BRBE =
BRHFERABABEE TRIE. XA KR 8BRS — 4 300MwW
WENMA ERTFT -4 FEY, SEAENRAASEZREEEORE S
M, XFEARBFERREDRE 20% . |

Wabash River Coal Gastfication The Ohla Power

v LY
Rapowering Projact Joint Vanture B?I?m& E%

Wast Terre Haute, IN

Arthur D, ,
Clean Partners Limited Partnership
Fow Rivers Energy Partners, L.P.

A1 REESASEBA

Tampa B AR BAEBSAMBKREAHEARTE - ZLEMNTHIFEAME
Lakeland ff}i, HEFEF I, +HXITF 1996 F 9 ARF=, ZTWE BHEH 5.5
fZE£55, ENFRTHRBEEN 1,150MW [ Polk BIEHE—HL4A, BE&EE
250MW B EE 7, I B B Texaco 24 B KK B HF R H S LB SRS 4L
FEAR HEAENFBREEFSERMFTOSEESRRERERNH TS
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WS, RBERBARE GE B 7FA BREBHL, ZKHB YA Henry Vogt K4
P, WP OMMK DL 8% WHEHH M T AR > - MR EEER
W R, XA E BSR4 2,050 keal/kWh, B 42% B9 LHV
RHEHER, XNMBEPBEFSEOTEFZT 1998 FE, REZEHETEHEHEA
BB 1T,

Pinon Pine %%ﬁ%ﬂﬁ%ﬁﬂ:]ﬁ H - ﬁ\Zﬂ:Ij\]'fF—‘ﬂiﬂ‘H 5] Reno, Sierra Pacific
H1AT], BEEERFERE-EIGCC RAGKSARBEMTAKK, XRHT
AIH BRI X ARG RFENE, SHEEMATEMSM A, Pinon Pine IGCC H
T E A 1991 FFERE, WMKIESTT, R 1997 F 2 A=, XTHHE 3.09 12
XTI EMER KRW B F stk = S SARAKRESIL R LR L GE § 6FA
PR B A B G 099MW B 1, KRW SAbP RERBERTR S FRITRY
FRER, ERERFHMSMAPZ—, FEBEITEERFEZRA 2,000 keal/kWh,
B4y 43% LHV R BRR., BN ULRAREHE . B3 EABRARKEERLEKA
Bk, AREMESERBEREZLN, UATTHENSRELAYTRESHE
WAL, WA HEEEITEE (S5 0.5-09%) BHEF, ZRETH NO, 1
HEBCR R 94%, SO, HEBL B FRAK 90%, R JLFBRERALB. SHERER
MRS, TEE KRW SARERITED T HBESR, ARSI
RESAL SRR, DIRAEYRAERIRER, BbHE— 8 B4 BoR S
FERNRKERBREHRESY XR—FALEROER, ETHHE,

IGCC KRR - 3%, WEMEEK

BREEEFRYRPSAUFFRRE—1FHLH, THRLEESRYRS R
B, X—SdBE—ELZGTILTER—ERE., ZTiHEL B, ANTFHE
SR, BUBREN—FMEEREERBLHARERTES, £= ©
+ERBEEAFHSAP RERELSENEMER. RHOTERANERE
ERBEWME Lug ALY, WEREESTK (Koppers Totzek) S AL4P K i
LR (Winkler) SAL4P, XBEH, NTERERKMEEIETZER.

£ 1973 4E 10 AL, BHTFBUS LHFERMMANE LB, 16CC BR@YE
ARB RIS — MR, BER, BRETET RS AR T REL RN
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B 3s%LHY B R, LT ERNERRRBAEIER T HRBER.
F5h 190 FEBZE B ERERBARE—BRIE, WERFGINETHER
(FGD) R4,

o - 50%
20% SLOOOAW [
Efficiency % o, | 6
LHV - 40% $1,500/KW
32%
30%- $2,000/kW
§1,000 $2,000
Capital Cost ($/kW)

A2 IGCC B LHV 3R ~ &K

BREBIEBRABARSE, B IGCC RENEER 4., FigH TR
SBVERE IRV ER ERBREKREY, E—8RSEIE 1949 FEFEHE
EM#EHN., EHTERRIKBIEBATRELRE. EANTERUR, BRIE
BLB AR KI5 N #R R LR IEIR BN E H e A, EARSBILA
RELZEEZT, FAEEWMILT ERXAFHNIEREZET. EANTER RKEH
PARUBEEFIMEEERTE, AHETEARREHEAT.

Et+ERAEMBEZEHE, LK O EA MK E E I A&
B, ARAK/SFAREMOARRSBIRBLUBRSBHTRERNEE. £X—
B MBS EARRREAATES, INTER, BHBESTHERGGE
BRIK B 45%LHY, WIRBEIER B 10% .

IGCC RIBHE—B B SR KB E, BHH—A Texaco KIS
B, BEEERTRLRBBRL, Wk GE A7 8 TE MR IAERIH
B IGCC REE., ¥/KEIGM 1984 FEZITE 1989 2, N 100MW, B B~ H
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IGCC MAEF MM HIFRIE. XWEHTILNMRESUREHERE, AR
WM ERELTRVFERAY. KTEPHEHE Texaco S, HRES
B REURBRERARENERZ— DB, 7 Tampa B 724 F] B IGCC
HERMEPEEEARE BRI R,

L0, EATER BKREBIFHERERCIE 55%LHY, 78 2 2 A 5 5
BB AE, RISBIBEHEFERCERNESEH, CHRAME, TH
B, RAERE. ESRS#—-FPHEEMRS, SHARSBHBEARM
B EREATEIR Y% LUV 30 RAR 60% Bl E, IGCC B RARF AT
IGCC REF HBKA TR REMER 30% ., B, 45 1GCC RE K% SR
B3 50%LHV(E 2) .

S5&GERRERHBE YL, BarRlEHEP K Iccc B
FER T R R . R S0, No, M RN EFE, BHRET
TR L EI BT, SO, Fl NO. HIHE R 2 B 7 3¢ H 3 R AR YE AR VT8 B i 1+ 4
Z—H, AMEENFAURBWEETLEHATHHER, ERFHEN
BERSELSFETHOTERH, B, 1ccc FREXMNTRRASEERE
K — N EEXEK,

SR, B IGCC FEARKIFHUERT 42%LHV , EARBESERE
RIS M A HEERT 27%LHV % 3R R B BB B IF 19 36%HHY, T 48 i 7
MBEREBIATHR 190 FEREESSEBERGESR, EeHEREE53
38%HHV , 1% 45 BB s AR I 57 B 35 32 PR T Rankine(F& X)) TEIFHIRLE,
T IGCC Ha. 3538 3t K Rankine(FEIR) E3F M Brayton(RS) BH L S H— B EE
THE,

AREFEHF ZR[BIBEARMF RIS, SLRIEN 1GCC K AL
P4 kW 1,400 £ ITH) 1,600 4. FHEWHBEBRLREMN C RRSBHHE
AREH B 1GCC K= 4 45% KIRE (LHV), BELHEH F ZRSBIHHBRE
k200 £ 6. A HZREVNERORABERER = E 50% BB K, SR
FZMR[BUBARHE, 8w BEHEER 400 E 5T,




WE SR IGCC R, BHEBMPSUBERMEER RSN G K
RSB T 2000 FERALAL, EH BIRRESRHEKPED 45%LHY, FE
2T RAK IR D B4 LW 1,200 RIT, XSGR IGCC REKFHHNTSRER
FRW KL, EAITHES A 800-1,2000F MR HEERE, FLE 1,800°F
BETETHZSMAHSMAYP . EEATNRRREGRERBRAE, FRE
FEEFOTRBR.

SE— S RERIBIE RN LRGP EEHR IGCC RBHIRE,
3] 2010 FEBZ 0T, BRERENR G 50%LHV, IEH B LI B ZBRR T
RABRSHI# RAER, DOE HE#HRSBI R MAIH A EBEE TR
Sk, NTTRRSEH, 3200 FERFEVESEMLIARNSE kW 1,050 £ T,
EZBAHEHMAEERE, WRAKSEHRNMER, KKK 16CC RERN
HAESREREERA LFMHREYE WEEEEFEFMLESSRRAKE
BAEA B RSB T.

IGCC *t H /7 Tl g9 #5 &b

BT R RAR, BHR, BEMREAURKEHRE, 160C T
FILANEEEFLE BN TRAOARERIMES R BEHGTEHHRERE
=,

EABEETETETEN, IGCCEARBHFZ &, B
MARBIARXEEMHEE LN E— N SAPHRSBIRTAKE TR
MR, EAFE—-IHETHEERRH, SR B AKBESR B5
W IR BEE R B F 250% .

BESAPRERRRFE, DNEMTUSARRBERENYRBELH
EERBRAY . 16CC HANEN 2B Bra S SEIRKL RIE T . flm, SE—FrBeEd
ZEWURBE—-ERRI, EXRERRIUEHTHEARH (BKE
). ME—MRERIRBYLT — M BRAHEIRE, IHEFTERRSGR
MEREHR., BEPHERERESMUPRESSRLREESHE £HE
B L, BBZRRR, SFEFRTHNELAH ELFER) R, B
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BAARGEBREREE, H0BJLPRELM, XHERTEENEABNA
pad T

IGCC ME TR ERB BT /KAE &I (CO,) HEM. IGCC B¥E
THEHKEREFEHZESHASBKRASH BB HKER 50-70% . B
MBS kBA K BHAERED, X 1GCC RET A KRR Co, HEME.

BREB IcCcC B AFEFRBMRA, EBXRINHAETELHHET., 1EFR
HEBRBEREREAXSRETETT, BHAERBET 100MW, i IGCC REIE
B R B EE ik sooMwW , REMERMKRERGEALIERETETRR
TXMEE, SRMREERL EM#H. B 2000 /50 Bt CFBC KN4 R
B, B 7 250-300MW 22 [B], SR T, 1GCC RS L4 & B B BB ZE 450-550MW 2 [H] ,

Berml Ai4E B 1cece EERT$EM, WTHMEMET B FESE #—PHiR
B, XHEEMNEEAATEBFHAE RS . 44, BHEGHTTHEY
60-80%, T IGCC Ea,35 (v A R & F 90% o

- A-MERELMESRENTRPETEETAHENE> &, B
He R Rk R B BAR R . KB TEE IGCC RE BB, H¥ A, ENER
FHRREEO VBB EE, T TR (0B HIwE) Mk T, H4
WA R TZ BRI HRAATHEN TRMEMER. B TREEAR
4o R il 1 W R AR RO BR 2 R SR B, BORHE R B B B IR
o G IR B 3 B B SO B BT  F ER B N R ST K B B R BOR A

IGCCHARBR—ITRERE, HESUIZETHANESTH™, W
PEE BB ALIE, M, RAFEF &, E£IGCC RETHFEEFRE
KA B RAL 2, FTTRTRERRNESTZ, MBS X at#,




2. IGCC ERERERFIZ ™58 71

Bjorn M. Kaupang
General Electric International, Inc.

Hong Kong

e

Al

il

EME BHH RN 3EARMAR TR BERIRYL / BRE T8 (GT/
cO) FER, XFERHTFRABINBEACAIBKBENIREE, RAERS
IR RT3 . B AT GT/CC By BARK -t vr DLE 3 F B R SR A,
M, AlARSREREOR R BE R iR A AR FRIE,

EARAHEBIENBT NBE NMARBBER, XEHBBERES E
FI ALK IRBE (PFBC), SMARER BT8R (EFCC) MBAA R SILER & P§3F (1GCC) o
Eﬁ,@—ﬂuﬁ%ﬁwﬁm%&*ﬁémwo

FZHTRARE—EHEF TEAER BOBATER X BB A EH K
HIRBL S BER G AR K. IGeC FERBILR AW RTE RS CLBRIE
B, ZN\TER, EEZERAFFELOFEENRBSNEHAEREBIE
e R 1990 EF—RRABIBERBEATLFHZ L HSARE,
Y—sicec WMEAENTERTFHBABLFERHE, KhREIREBIXE
WHEEEAR (coT) HREIXHF, BWELTFRERLELENEFLHAESRE
Lt HEHAMULERNIBELATARANREN B, BATHE 1996 3 2000 F£Z
] FH BRI,

THEEIFR— T IGCCHERFAFEBB I RENH RS, BATH GT/CC
BARKHTEHA, AFL|H IGCC RTE 1 . mH 8 B B LT —fR eT/CC
BARNER, XMERTESE 200 FELEANHATHREESTY, XEFAHK
BARSGEEREPEB I TIUIEEWRFTHE, 194 FHEKH BT
SZEFE, 19947,




EZBTHIFER

MNEFRBEEE, EMAEGRBTHRA, FIESETFEATREY
K 350GW , X—TWHHFHEBXKMERTR. XEER—BRHAUTERE
B MXBERORARA, ADSE, FFRRMEREE, 2R R AR AT
A, DRAKIDMEEEERENTT A, 5512 EXTHREBERE K
¥, BMEBRTR IGCC ERBRESHERBHEARZEF MRS,

BpEZE SRR RURIMBIX, BB AR REFH IGCC HREERRK,
BEAEMRSERBRANER,

HHEf KK GT/CCHAREDUTHHAFT RS ARERRTUXFHEA
BB DL R T FI A 16CC By HoR IR) i A2 7= Br AR I A W A7 B AR 4L
F5m, MEMBL,

T—#8 GT/CC BEARKE 1ccCc B REEF LS, d REAR
HBBENIHELZ T EBRFEEAREEY, TENR L1 BERORMTMT—

R GT/CC REJHBE B, BRUKRB KR RAKF.

£1 IGCC HAMS B

GT/CC HAR | THR MW | B ¥ 8/kW | 3K % (LHV)
2 A 19 120-390 1400-900 40-46
T—f 460-550 1000-800 49-51

5 E— B XMEX B MR RA T S EREAZL R
. RIS BRA, MESERTBMIGCC HEZ A THREEM
It y, WHABEFHBAMIANRUERRRTHE. F0EPHE,
EWEAEFIRORERERIANOE REAKF—-ERTERELR
KRB PHRA. HAIBEREREEERETEZHEH, XHRER R
ALY —NEE, XFER IGCC HAREREH K URBEESANPH
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i, EFE, 16CC HEAREBWR RABKNXRALZIXE—1H
ROEW, PEWSZEENEARSKEBILESR . WRPESEH#H—F
FHBERESFROERE FNESERNRSEINESKE TLBER
AZEEESHEN, &3 —BEE, FROBYEZEHBREARERSE TR
59 = bR P A, X IGCC B ARBERFIH S EERBERRBIE RS,

£ R [E 8 & B E ) RIE R

RN BT 1993 EXAN 1836W , SR B L BER 5%,
KAKREE 2% . KEoHNEBEHREREKBIERTR. AT HEZE 2000
EREFFE R BEE AR so0cw, Bl SEFH MBS 56w KHEHE., B4H
WFRERFRH DRI KRB 75%/25% B A, ek akseigin, EFRgithk
BRI RIRIER B,

B, BN EBERERNKE, SEFENBENREREIIRIY N
B 10GW L E. IGCCHARMAFEHB NI REKE 2000 FEEAT . ¥
BATH GT/CC BERMBFRA, BHET—R eT/CC BAERRSFERRT
ETE&EH CCEFENRERWRNEFHEGIIENHSE, NAttLkie, #
HiX#t GT/CC BLARK IGCC RS L2H — M FRETE. ATFREMEE
FT—RGT/CCERTFHEARFHNREHREHERRYUELAN, HEHAEXH
AR TF 1GeC B3 Z i B SRR

IGCC EARMKFHATHAERAEBE LENRFRBEBHEFRR. &
T—MR GT/CC BEARBIBMZIE, 16CC BN R AR5 14556948 S R ok
E (FGD) & WMRH AR BISHBI B EK, 1GCC KR (LHV) ¥R T 50% £
B, MRBERRBEHRAN 38% AHFHREER, GCCHHABEHLE
RFEE 0% . XHABUHETRENRHABATHE., XLLSTFHEH
IGCC ZEAE T R E B A R #. |

BRT &R, BWHEESERTREENEST LR, £—-1E

SEORERRETZE, XEFTEERRETLEZ. ¥PETS, B
BERBREET—ETER ICCC RERARVERN., HFEPENR WM
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Z T B RTRILE1TH) IGCC B¥s DI A I E R T BMER IGcCc BEARBTH
R. BB, BRTHIGCC #A&MEHWRJILMARS/APBEARUFREHR
¥, BFANEXERBEHNRASEFENE —E IGCC LT RAIGEYE
AELWLR, EPEMAE - 1IGCC T BHRAEBEX 16CC AR RN
HEFXR¥INBPIHEE—F, PEBW IGCC HEHMRIIBEINT, RS
7 8E 8 BE1T DL 16CC F AR A F Al B K B Im & B H R,

H—AEERERB AN 16CC HARBEZHEE, XA H
RX#, MEEBLERBRDE. —MHBRTHRRKBPERGHEMEETA
RAEL HshBEZ ISP EAN bR ETH—B4. Bd2EHREIRE
BEMNMR IGCCHIBITREY, RPEREMEEMNES IGCC HERPEE—
.

fEIGCC BEARAWHER AN, FLEREANETRIERE™EH
TERATEFBR[IEN, KRABPRERRY. WiEFH X MHRATE
R M IGCC ERFIATEIA—HR. B, 1GCC MKt 0 &4 & X
BELARTTLIEZE, B2, B IcCcc URFHTRIAFTHBIRE,
R AR EERSNEHE A,

ITHA R B 1IGCC ER E#HEr a9 Wit

FERTE KT AP BRI, MEFRARM—RE IGCC # WHEE,
EEAE T LB L ILEN, X 1GCC #ET ¥ 100% BT 538 0 59 B4 3 A4
SRR, LhRE, 72000 F£2H, I6CC EEER R BMMIEH LR
BIAR KA e 25% » BEE GT/CC BARRKBE MR IHMBEER RE, 5
G RIEFRIR BB L), AN 2010 4E 3 2020 4B, IGCC 7E H7 384 i ¥ A M 3 2 17
MRS EE T 50% K A, HE BT IAEX 2020 4 FE MM T EAR KA
BEEER, LRITRMEFEENRAEAEMERN A EE G —Fa
fEER,




KRB EFFIK R LD

TEE—HEAFHREAERKBEFFRE. BT RAMBE R AR
ERMMBXT R, THETFERERE, B RAFRB R AET 7L
Ao, EEFLUAE CHRARBFRIAFREZNRBERR Y AER 16ce
BRI B EZ HEX 2T HLE. B2 FGD RENEMBEIIAIL S RE
ARE BT RARMBRES, WMARERERAAET . W0
BTG WA BEESE, RSB TRFIPAHEEENHSTRER 4
EENBEHBRATIAGBTAREPRAF.

ERFFPHETFHERNE 2 Fin, ATETXNR, BREAERERR
B YRR R AN $1,000/kW . F5ZAAKEIBA IGCC BARKIRRS A A A2
B, BB RSR R MR (kcal/kWh) SR BN, BERERE BTG
A 38%(LHV), Al F ZBIARK 1GCC BBIGA 42.7%((LHY), FH °H ZEARK B
B4 50%(LHV) . REBMHEERAZHE.

RAEXEHEENRE AR ERE, SGRERE IGCC L
W BASESERERFBEMH LR R 25 AR, BVEFH RSB
RRA LB BE R DIEEZT 5,000 B 8,000 N RITE K. THARAE 1,

R2 BFEESETHE

BITEE M O R ETE5RP IET5ED
KB R LHV | LHV (WEERH NTERA
$/kW  |kcal/kWh! $/Gcal | $/kW/yr. mills/kWh
MRIBZRE UL B 1,000 2,250 6.00 10.00 4.00
IGCC(F RARSEH)| 72 2,000 6.00 10.00 4.00
IGCC(H RS &H)| W 1,700 6.00 10.00 4.00
FARBITETHERBER =14%/ F
FR =12%/

SEFH =25 F




IGCCF
=== [GCCH

6000 7000
Operating Hours per Year

B’ X IGCC FiFHIFh LT

2/, BE—EH BRI GT/CC HEARK IGCC BYSFEIZELT 7,000 2N
B, IGCC WIAHMERT BA R §1,110/kW, 7] HLREAR IR IR ) $110/kW . T
FRHT—R cT/cC HEREB 1GCC, KX AR A $1,243/kW, Al & FTRRAM
AT $243/kW , X RAKEH R EHF IGCC MM ERET.

it

BAEKD, ICCCEHEREFREBHEFRAEFROEARRAFES S+ H
MRXEBEIRE, GCCHEHBEHBLSEERE, B Afe#EH
T 2010 4 25% KIFREBHIEE R IGCC B, EXZE, X—HARE
EIN: 5=

% TR A MS RSN, BEEEMREEBHIFEAE. S0, 0,
NO. DLE B L HE S 2 BB EA SR, FAMBERBLBARD, KT
BT HESEH G ER,




3. IGCC #EHE : miaEXR®REM

Dr. Carlos R. Guerra
Burns and Roe Company
Oradell, New Jersey, U.S.A.

Tiip

]

ZRBE

IGCC EFE KW HE PR T+ HiER Bs R MR MR E R A
RBEWTER. IR TERNTEBREE. ATHEFEITRE/NDEE
EMFPBEFOHH, BHFREHFTE. BEREHANERL TR
BRERD, XX TR &R RREE,

X B AR W T E o T R BT -

L g - RN REES SR EREGREEARRE G R
HEB -IGCC B EF R A X T L EEFE, FHITF-ERXUEY, WEE
118 4k b 75 5 T4 R Ly S BB

2. B / TR R S TS5 R HE AR HE TE 5% Y B3l —1GCC AR K AT BB 7R X 05 TH
REEH.

3. XEIK & E 55 R BnHETT R B s — X B s P /N R b4l
(& T 100MW), EFIEEHEBEREFH R B, HARBENLEH - BIEF.
AEEHAXERERATENREANRABRAF R EOER., XEMES
EwmATEBMNNEEEINESR, haBZR—BHEd, 6CC hiFs
BASERPREER.




4. R\ ERER, 1IGCCEFEBTIHE T (B X ANEBREPEEREITH
IGCC HLA) W EERKEN, MAREHOERE.

BASAMERRE

FEEEMNATL A TIEIRE, EXEHAFTMABRRBHAH:

1) #dbm R HE  6) WRERHAF 11) B JI|E B A 7]
2) e JRE 1) WBEHSIAFE 12) ZEEBAAT
KRB IER 8 I REBHATHE 13) WA HHAH
g RICBHEE oS HHRKBALRE 14 FEERRBIAH
5) AL TR 10) RMEBAAF 15) B B X B A H]

WIS E RS nL T AR), W)IBH, DRESKESEH ok
ib), ZE W RE, i HEH TR RERICHETERA (B3, R,
TG FE ) BHET B BRI SR, 16CC T & 70X S X
FHREE.

Sk, FRTHE IGCC EPEHNTHE N, REMHT—TEMBIER
FEOL, FPEHEX-BXIERDEEPEIETHREXAEANHATEE
K m .

PEREFKPERSTENRERHXRA

ALK

EHHX (BFAESRBEHR (OECD) KX Ik OECD EMEFRMIEK) A
O7E 1990 4B 5 AR A DK 58.7% . Wit 2025 EFHX A O 57K
57.8% . B 1 FE 2 Eas 1990 T 2025 FEHFRAOW T HFHBR.




E] asia m

B SouhAmerica B sou americs
B Northand Central America . North and Centrel America
W Aica At
! [ R1] 9 *
2 NIS EiA NIS
= (::eanla 0.5% I Oceania
™ 42% -
nm
Reference: World Resources, WRI, 1990 Reference: World Resources, WRI, 1990

A1 1990 £ R A O 45AR 2 2025 R A OB 497

FEAHTE, 1990 FF 2010 FE ], HFA ORI M 2020 E, B3 REMR
16 M EMERHAOGA. PEMODEREAFTAOREZHER. il 2025
4, EFEPEE A DM B m 23.9% F1 40.9% . X FHEHAOTS, &£
HREMTTAEANRSEEREAMNKETKE, BEENEMEFRE RN
BE, bemEHNYEN.

6 3 8o BE 5 %7

R BEEEAREEFEREMFEH AT —EER BN, HFEEE
MW H M 1990 4R 1) 346 quadrillion Btu ¥ F) 2010 £ Y 472 quadrillion Btu ,
—EH X K L EBRR, FHki, XXWARAEERASENEK
R¥EIT 1.6%

HRXHI TR R

TWEFXHTLRFHREBKERABREORRA ., EX—BRHX
Eo, FEMEPEAENBAXHFHNERBRRT HBETEREHRRBEH;
H 3| 2010 4 th & — B SRATX AR BUK. 8L, B 4 00 b i BR IR I 24 3 2010
ﬁ":%iﬁ@‘l 55.6 quadrillion Btu ,




Population in
o
o
(-]
1

China indonesia N. Korea Malsysia Myanmar Philipines SriLanka Viet Nam
Banghdesh india Japan 8. Korea Mongoka Nepal Singapore Thailand

Year 1830 B Year 2025 Projection

Reference: World Resources, WRI, 1990

B3 RETHERXAODSA

8

8

Quadriltion Btu (Quads)

1990 1992 2000 2005 2010

China E Other Asia

Asia (Non-OECD) Includes Countries with 53% of Woerld Population
Reference: International Energy Outlook 1995, U.S. DOE

B 4 1990-2010 “E3E OECD FMEI XM XTI REEE R LR

3k OECD Hb X [ RE IR Y P2 BT 7E 1990-2025 FE S EE KR K 1.8% . BN
1970 4E L3k, JE OECD WIREUE Y % Ik OECD KB, Hik, B 2010 4E, F
OECD ¥ i R eI B R B4 50%

100




EEMBX, TYMEBAMAGEGSREERNEA. B BREOR
7E 1990 FEH TIVREIRIY b, P EMENELA T EMAL, 4 F155 3.54 F 0.676 .
{2 TOE , £ 1990 4, FH, HH, BDEMOEERERAIBAHEMN /Bl
BRFEMRE.

RBEHEHGEENEEABENK, BREWEHRBHANER., £R
A HE, UXEEXEHEASOMBAKERRE, ERRRNEY R
FHYRESHEE AR MA LR EREI A, XA RREE
RAGEERA DK, PEAXMXOEXELITEENSFESKLE
WK R, B2 TR AR BRI % RE .

KLY BE IR H B2

M 1970 ZFER 1990 4, HARBBEIRTE B E T IE 140 quadrillion Btu, £ZE ¥ 1%
KEH 26% . EXHE, AHEREREP EEXGH, HEABANRES
WA BETRE., ZAARHS, RAKFEHAYKER., LR HM4EH
WK BE, Mi1o70-1990 F, HErHHLER 6% REHB 13% ,

W 6 i, ZE3E OECD WM E KR K b, SR AF M AERRIR L4
(9 H B RS KB, B 2010 4B, X —HBIX SRR W A B B3HIA 52.8 quadrillion
Btu, 75 1 W £E K5 3K 34.6 quadrillion Btu o 2010 ZE M T3 B2 JUF & 1990 8L B
HEEBPAE . |

BR-WE 7R, A—KBEEERE, BR—EHERHR EHFERE
Z—. M1990-2010 5, EMHAHBR BB ERNBEHK, PEHABEEROHKE
HEAMKEHILSZ =0 F. B 20104, SR EBERE K 7,379Mt .

s Brk—ETHERXMBEX A -REMRBEE NI WHER. &
X—RXF, REHEFRBEHEILEFXABR RN ORK.




400
350
§aoo
£250
=200 _:
§1so
2100 2
50 i
112 1328 %,, a2 "' 5284 a0es 4340  sets  mell sy 2148
° | RS IR
Chhha india S. Korea Myanmar Sritanka Thafland
Bangladesh Hong Kong Indonesia Malaysia Philipines Tawan Viet Nam
Industry § Residential/Commerce
. Transport . Other

Reference: World Resource, WRI, 1990

K5 1990 F MR RS ARIRBEREKERE

120

104.2

8

o
o

Quadrifilon Bty (Quads)
Ll
L=

40
20
o
1990 2000 2008 2010
oil Natural Gas B coal
B vucesr Renewables Bl Total for Asia (Non-OECD)

Asia (Non-OECD) Includes Countries with 53% of World Population
Reference: International Energy Outlook 1995, U.S. DOE

B 6 1990-2010 4E3F OECD TF P B 5 FI 3 X Fl 3t 9
HREENPEBEERLRE
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Million Short Tons

1990 1902 2000 2005 2010

China B otherAsia

Asia (Non-OECD) Includes Countries with 53% of World Population
Reference: International Energy Outlook 1995, U.S. DOE

B 7 1990-2010 ££3E OECD UM E F M X BT HIBEH R L E

- .|
N T 1
China India S. Korea Myanmar I Sri Lanka i Thalland I

Bangladesh Hong Kong Indonesia Malaysia Phillipines Talwan Viet Nam

indigenous Production B imports B Total Energy Avallabliity
Reference: ADB, 1992

Bl 8 1990 £F L P 3 X W] A H B9 (B8 B 7= IRk O E) BEIR

P EEX — R KK A G s0% Bl L, EPEMP EBREEESE AR

BB,

FETRE - LHMRXEREOE BASECHT HFEESRAIF B
M, XFEHELF—%, EATMOBRNOE, NEREEMFEAEHD
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WA EEERAEENHERE, ENCAEMTHZAEY KRR BRI
Gk S

HFX MR REHSTFRE, HxrHAEZEIE OECD M B K fih X
WU BRI, FitA 2010 F, B EHAABEEN 4%, W 1990 FER
& 31% o M\ 1990 £E B 2010 £E, TE PHHBIX B9 B JE B B K538 K 84%, B 1,581M¢
RED 2,904Mt . B E KR F BRI 1,103Me, JLFR H T E AR
B, B EGRESHBOERR, BED 2010 F, BREWGHRESHE
BRENRAENS2Z=, EEMEN, BRFI\OERKR-TENEH] B
¥, WiEA 1990 4E 69 184Mt B M B 2010 £ B 385M¢t ,

A 1991 FEHF AWM ARBFRNTERR

b, =) 10° 1
k3 7S 483-620
6% (BF/EBEF) | 139-281
R 5 W R BR 130-274
LA (EFEPH) 81-198
BEMPE 75-136
[iiiii e 45-78
WMAFEMFEZ | 413

Hii I 1990-2010 4, 3 OECD T M SCAI 1K B9 5 ) B 48 D 454 Py
3.9% MR, B E KR R FGFSENE 25% BASRERE 20 T
RmB) 400 FAE. B 9 MG T L MEM O T RO EE.
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milliont Thousands

8 13
} {

india Malaysia Thailand
China . Indonesia Myanmar

Source: World Resources, WRI, 1990-91

B 9 1987 4F 5 &0 I P B 5K T JF SR B S5y i B

HAELEBEENERFREDCRAAS - REZHHANFHOR TR
R FFROEF MG - AMARBRTFRIL—-ERBH I REZOFTER
. BNATER, RTINS, E-EHOBREEORAARE, £F
e 77 B9 WA A B DTSR T RERBIEN .. ATATEN, AMART
WRFFHEBT I, SHHEEREKCLEXAAMBBTREGZE, £X
BEHEMBX, EBEARFTEIE, WMFERHHE, PREIBX, S E (B
by X el

ZE, FERFEEI, FEFEARMEREGRBEER Bl
BEEVHANAERESRERELAH. EMIRHA N EHEOTR, LEE
25BN, RPARgEE e, PR RN _E X o R Y6 T s R R
RBERAMENRBRE.,

AR - HARBEIWRTH —EERBRTRIRREOREKURE
ERBTANELZFER-EERRW. BRARCRBERBTEHREHERK

i, BRBAINFHEXFEFL, XENEWTIEKRERGPEMEEEN
HEXRERSI T,

B 10 BB EMPMEMT I RORBUFRO FED L. X
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RABRSEA TR R AR R, Hbfr sk EE,

billion cub.m Thousands

‘ Malaysia Thailand
China ‘ Indonesia Myanmar

Source; World Resources, WRI, 1990-91

B0 1987 ER B TMERAI AR RRSEE

RBEEXR, MBA, —EANEMIBANBEHIEEORBTATRERT
W, XERRELRBHNSFHETH. FARANEXETRMR—&T
W, MBHEFRRETEORE ZETUTFRRRUERR, RRXE
ERXRBEEARRTRREUSRBEENIARER.

BRACEIEERBRUEERTFERYE, URBERRAK=MTL
WAAPFZERT KO XEEREZEER L, BRTEEEENH 5
RO, MERRR-FRTFRAEENHEIER \NDREE, EpEREERMX
R EES), HENFE, BEAEESHERMETVHEZHOTIUER
R, EMPERMRATRMLAAHIARRS.

R EATTBURASR (OLNG) HABRPAELKRFBK, 52 LNG H
SHANGZ=, DERHEE, HREEMBEAMNEREEOHOE, WH
&, HEMEBEIEAF. IANTEXMBXBEETRALERA LNG H5
Bk, BREGUEENESKELES LREKMW, BEMNFEIE
RRAEFTHRBERERRE. PTEEHIPHRASNHEE, BTENHSR
BetE i, EXERBEROMY R—ANFRSIINEE. PEUERRSHE

106




BHEFRT HA ZRWRABHRBIHTHE.

Bge-E, $H, 88, DDEURTENREILMEFRMBEX HHi4E
EAERNFEY AZENETERRN . BREES, S5EIECHBEERKE
W, XERBRAYEY, BSELEMK. 22010 4F, FERRMBF HE
FEMEBR. 32010, ZBXMZEEIIEAD 27.7 F 35.7GW Z[H],

A A R — TEAE K BB R KB R AR B BRI R O T R A PR Y
¥, 7e3E OECD (M E KA, X LakiF 4 87 1990-2010 £ B3t
%iéﬂﬂﬁf%u_t, M 3 qua.dfillion Btu iéﬁﬂ@] 8 quadrillion Btu , iX/[\:Hﬂ‘IXB(]'ng
ERFBELEHMSLHKEEE, 220104, PEFEHTEERENEEH T
R 1990 FEAK =M E, THAREBEHEBNEKEERAKE,

BREMRFEEN KRR, BEMANEHEREN, FEAEDR.
FEKEBEREENRK, B B sscw . B 11 ATHKBEEIERDN
%i-t‘O

MW Thousands

|

Malaysia

india
China Indonesia Myanmar

Thailand

Source: World Resources, WRI, 1990-91

B 11 1987 SER BT HEFRKEREIER

BRAK B, RAMKHERFERFE/ETHREERZER, HHXT
HMEFHABXMHP, EMNEX-BEERFRPSEEZNGH. £X1
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WXBEERXFTRORELRES.
RERE R & BIRR

B 12 B 1990 SEE N — RBEFEMA RBEO SRR S EFER. FEM
B RENEMNTENRELARE, HLTENERWHS, HES
213 5.15 #1 1.01 {2 TOE , B H, EﬂlE)EEJE*ﬂ‘*?%FﬁEMVﬁ)@iEEE%ﬁ%
KWK,

1087 4F— B4 TF Y IR ¢ 2K % vty AR AL LI 13

“RieminR

JLFE—¥1 co, HEREHRK. £ 1990 ¢, EHFRAB=ER Cco, #
B A B 2,343Mt . B 2010 48, Bt 3E OECD KA 4R CO, HEBUE B4 1,352M¢

B 14 FE 15 AW co, HE B EMBEE=AER co, HiE. |G,
1990 £E A E 9 CO, HEMCE 4 1,145Mt , CO, HEBI R B 2010 FE T K5 3K 2,248M¢t
R, B EMFERASR IcecC XETHBHRBEEHIFRBSRBMEN RSB
17, 2ttREeEH B HFREME.,

IGCC EFEMTH BB IR E

B, 16CC E'# HWimE HEKBEEA (1520 ) 2ESFHE
BHE, XEEHNHZIBEERERSHBMN., PEHSEXECLERN—KE
BB, LR kIE IGeC HRSI#TFEHBBIRE. AW, ATFHE%RS
WER, FUHEILZHSBULENENRBSTMRBITMAIMT M
R,




miltion TOE Thousands

g ] T T 1
China India 8. Korea I Myanmar [ 8ri Lanks I Thaiand
Bangladesh Hong Kong Indonesia Malaysia Phillipines Taiwan Viat Nam

Coal oil - B cas

B wydeo Nuclear B ceothermal

Reference: ADB, 1992

B 12 1990 4 IF PH 30 X — YRtk BR IR B 1 # 4- R 4% L

E
[=]
o

Production (gigawati-hours)

1 T L]

i e T
Chins indla Japan N. Korea Laos Tmnoul- l Neopal ?Slnyaponl Thailand
Sungladesh Hong Kong indonesls Kampuchea 8. Korea Malasts Maynmar Phitipines 8rilanks Viet Nan

M nNuciear I Gecthermal Bl Hydroelectric Fossll Fuel
Reference: World Resources, WRI, 1990

B 13 1987 SE R UL T PB R B o 7 AE P21 O
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Million Metric Tons
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1990 T 1992

China Other Asia
Bl Total Asia (Non-OECD)

Asia (Non-OECD) Includes Countries with 53% of World Population
Reference: International Energy Outlook 1995, U.S. DOE

B 14 1990-2010 #E3E OECD W E KA MK Fi+t i co, HE R &

N
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E Other Asia . Total World

Asia (Non-OECD) Includes Countries with 53% of World Population
Reference: International Energy Outlook 1995, U.S. DOE
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4. EE IGCC HARE R EE A £ IKIFEAY
BEXZWSmt

Dr. Y. K. Ahn
Parsons Power Corporation

Reading, Pennsylvania, U.S.A.

MRD SR E 1GCC 75 o El {8 B 3 4 TRER 8 6038 75 0

T ERRE R B RERBEAMNLRFEEN B RERFHEOR M.
WMEXTERTROFEERS TEH co, I BHEEM, XMEHTIEE
KEEA. PEHEOBMEEZEEFRERLTT R ERRERRH so, fl NO,, T
REREEASHRAEXEREETEE, Bit, PESEERKE RS SHE
HZEBHITEEREW,

FEDERAEHRIFFRT CTEORAGR, XEFERTLN, BRW
XY AURABHBESAHE. £FEIET, DuFELERBES
R EKFER 46 5. PEILT, FESZ—HEE, Hso. HFEERT
EFEE=E. BTREMEIRE PHEMFE=ZXBZSEHEE. K
ERRFEHFEN M, FIRERERGEM REERNTBRESEERE
PE. PEHEZHHT T —RIVBRAMRNRBR XML, XTPEEFEHE
BRER, MEXEEART, 1GCC HTFREN,

BEAMBERE, PEELESRETEA, SEFHHEM 17w B R
A . EMBEATFERLMAEN 20% L. BEFPERBEETEARLR
EEE ST H BT 165CW R EF 2656W DI B XM EE, XS TN/
500MW [ IGCC H¥h , BB X MB R A KT BEH B, RAIX 16CC BIEAIRE
B 2020 EEFEHBTHBRHMET —Mht, THEFHELTBENR: 1996-2005,
0%; 2005-2010, (1 ] 1.5GW B 2-3 4>, 500MW IGCC Ha¥k) 2-3%; B 2015 4E, 5-10%;
# 2020 £E, 15-20% .




e 15% WG E RS Hl, W% L 1cee By kB 3,.000MW , 54k,
1GCC R ZE KRB B ERH A RBAR, NEMNAREWREMEH Ein
— AR P IS B X P R AT DL B B A SRR B B
BAOHEEEBERMAEFHEHFG, AN#RETRFEEFTFHRERE.

1 BErARE—REFNENEX RO RBREER NBAIUT
fR—srh BR X R E R F R,

F1 BhEF

BAETE
10°kWh

Bt kR
%

Bt GER ™8

10°kWh/yr

HANSE

11,771.0

3.63

427.8

X H

3,040.9

2.59

78.8

B2 H

1,726.0

2.92

50.5

ik

621.6

7.54

46.8

B

286.0

9.14

26.1

B 3

166.7

6.41

10.7

EpEJEVEIE

44.3

12.05

5.3

- R

89.3

2.08

1.9

PRI I

41.3

1.73

0.7

N F A

28.4

1.74

0.5

BT FEBHNA 5% 2EBERZERN, BEEIEREFHFESYHR
THPEAEERSNSMFR=EEERYM, 1GCC RBWRFE G L}
RHEBER, (AX3) FHESHAEHESFHOERERERD P EERDHR
REW,

IGCCHERBELZETHNTEMERTENEFSHI VN

o A B K R RS 1GCC R, R RIS RS RE
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AER. SHERERGEHL, #H 1coc RUBEH R BHIFERL, EX
SREZHHR.

FEESKEE, 1IcCCHLEHHAKELEERETRBNESEBZL (30-
50%) o X EE VR DIRAEKBFRR S NI, MELBEUARE. B
HMEERES, XREWRE BT REER R AT B bk 13 757 iy
DR3BS, RNBEXHNEERBEEER SR B,

IGCC SR RBE, 7k 85%, i B R B IEHF B R L 50-
0% ., IGCC REFMAOPEAMLSE NGRS, 8, PENSFREM
ALBEHHBZRLHEHRBRBEBRH L. £SRKPET S LR F B EEFA
ML IEEE,

1GCC AT LIRS Z RBV R AEY B, X7 DU R R Yy AL 2 1 1)
.

ETEAN, LHIHEIGCC B UBAMFH, BB AT 50%, [
B RIFE T LIRS . XBREEB co, TR EXKEERA.

IGCC KR B AI LAy BE 1T, WAERE—ITRRBSHRIRI, RER
RERE AT, BREESMY. XTURREMNHRAFE X EME S 'K
Wb, RPZ—-REAETUHBIOBRNR RAREATH. EPH,
HTFEFFEERNRRAUES, ZHBRLAHE.

B ¥ 1GCC BB AR BB HAR, BATLUAFNGE, SR
SIFHER. fim, FHEEHRIBIMIE R / BinR KRS 16ee
B, EdERANEESEAABRRRERAHBARLEZBEFHEFU
X2 A5 P Ak e i SR Y 56 BE R B AR RS AL RRRL B T BR 5 DE 3F |
IGCC HARFEPEERERARMEFAEBRE

BESHFRR—AIFBER. 28K, EHEREEYRRBULKRE
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R AL BRI RS BRI R, Texaco Ml IGT B2 N4 EHRASILPkE
EHTAEEREHEHLESR. RN, S4PrE8FEPERB L
g, tEA TRt — B IE R A IGCC RIS R, EFEMEXRE—F,
BT WIcCcC B HB TV R EZ R EBREBN. s, FEMNTF
FHARKESSMAP . BPEEHERESESE IHBERELMESE
FEHARBRRERTE, WEATHEHTARBEY, EE&ENT SR 1997
SRR — S 50 MW B IGCC B, X ¥R — B/ IGCC B I vT g F 31
A HIEE U-Gas S ALY,

XFI16eC B MEARERR—#, 28 —SRXERARENHEELR,
FEBAGFERRERFIFEMITRE S, (H30E R 54 L AL R 2
MR XEARR, WEBXKEERN, HERFFENEZZER. 50
HIFR DN —FM% R, ERBERNRERXETRAERBES. Hi,
—AKRB IGCC MMM ERA—NMEENRE, PBERETHENFESLT
By, RRETHRIEZHEARTEHE IERA—FRE, TXHNEE
B SR PRl A 2 — A

Texaco T FTT T —BA&H, AIBEFREALNMESHT . RELES
B 3£ A + M4 Texaco ALk, HHNAMERABR. F— 1 1978 FEHB B
AR, XELREBTIEASAPETUFER S ER, HEXEH R IGCC
By, Texaco § Z+HMFRIEF DESAPSIH#HFE, ZPLHP—KATH
UM ET BT,

MBI A B, Texaco Eﬁ%@htﬁﬁfﬁtéﬁ%%*ﬂ$ﬁé{—:*ﬁ, WERBRMER
EHHRRS, ANFE—SWHEEBHER. YHESSMAH, BSOS RER
300Btu/SCF, B R T HM BRI LRI BB . XM 5 Selexol H RMR
WG ST ERE S, M EERA 18+ — & GETF RSB HLRETI = & 300MW
RGBS, XNMRERAEH — &b ERERL ERTRMEIES, X 16ce
B —AN R,

MEZBEZ AR 1ccC RABRZNTEARE, RE 1ccC £ EBIH
PEESEORKEL AR, BRRE, B RAMRBERE, ERREK




Btu SH R FR, KERROEHURSEEHERGTES, B~
B—AREHENETLARE, AA2EFLAT2ERGBRBREE LK
A, BR, PEEFRIAFRETERLES, BOFAKEXEERY
HEWRBRERR, SlmRRMEE. FEE LY HAMAITHESE 2000 F/0H
2000 ZXTTHATFH, HARIRKENSERES. IBHSREAE / &L
NESEE—SRA RS, EeHE.

. BURHIBE,

. KIMBTHE,

o HREHELR 5 15 M0 RIE 5

. R AREEMBES

. SHAIHUH 8 B R AT

o RTFHIHS

. ARBENTRRA;

o REFHERE,

o BHEBSEK M BRI

o KESFHMA R ALK LI - 1547 - $7X (BOT) BYHT B KELH
#

. S B A

. B R B

o E PR AR AT 49% .




BiE, IGCCHHEELLASESHBANERTHRES, KE%, 4TH
AE—AIWE, BNTREETARKEFRENRIF. ATES ZENOHE
T 7 248 IGCC K4 BRI Y 800-900 3E3T /kW

FEBEZRILT —MERER RS H BT H—NME 21 HENEIHR
o INMVBHERRE _TFAEPEELITIGCC . RMEN—ITEEGER
FRERBNASFRAETFEANLHEIGCC ERFDEB LN K, R\ 21 it
LB EHE, 1995 FRBRBATHRE, 196 FHTHE. ATHEH
W%, XNMHBRETZENL BWEHRAENER.

IGCCEPEFEAN 5SRAEMARNTIMIFRERRHRER R

BAVRAER ZFRERGRIT RN —MERXEFOEERR, HXE
FEGIH, —PMRXTREREROTFFRE T T 8 MEHR ST iR ARMF
B BRI RMA. AL2) . EF o PEHNRI AR EAHERL
B M BERERE., SEENREBRERRAKERRBEML, 16CC HH
BB RYED, B BEHIOFRRKTAFE IGCC LEERBERTAFH.

#x2 KREH

WME | HSRA
CO, $25/ W

SO, $590/ Ml
NO, $300/ Wi
e | $2,590/ W

3 BRHE— BT R B — 16CC B HHFRBRFLR.
PE AR T ERERER, IGCC HHBBHB L THRB B, P
ERRRRP LR EEFFRES. P EER R HBIE AN,




®3 HBYHLLR

Ui g Fo g Ry AT ] @.i’ﬁ (65%CF) HS KR4 1GCC By (Destec)
% /10°Btu % /10°Btu

S0, 0.34 0.04

NO, 0.30 0.08

AN 0.004 v 0.004

CO, - 204.3 204.3

X 1IGCC A 15 e HE R 0 B SUALAD Lol H TR 3 — 5 LB L 4

FT4 IGCC B SEBRIP BTN LR

¥ R F & BICRA | WTRRERHERE | ByNR
$/kW % %
SO, NO, CO,
A HE T R SR P B | 1,500-1,800 | 90-95 (60| NA 33-35
IGCC H.¥5 (F i) 1,100-1,300 | 95-99 | 90 [ 20-40 39-47
IGCC H¥h () Bgr) | 950-1,200 |95-99 | 90 | 20-28 39-42

EF B FME IGCC BEARMNE, HINRFRBIATREGEMN, CEL
RERPBATHENER. £FEMTHITHREREZW, KIEMS
A mELfht. MRPES Y RAK BRI ERREETLL
W E KB, WA IGCC EHEFRESL — BB ARZ BRI A LR
AEREEE.
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5. NEEBIE IGCC HAR

Charles R. Black
Stephen D. Jenkins
TECO Energy, Incorporatied
Tampa, Florida, U.S.A.

e

E]I

i}

BABRAMUBRAMEI IGeC) HTFRBEXEER AL, EEH —1
BT AFH, BAFEMEELERT, X 1ccc ERVEHERIRTTE 60
kW Bl EM R BT XEXENEE—/MMEH IGCC K H /A 5 1 Bk
EXFEAR, BEEFEROASEIE: 1) %L, 2 HBREOBS, 3) RE®M
RiEWE, 4 BI=R, 5 B BE 6 FHHB/ . XEHBIEXRT Tampa B /2
F] i) Polk B33k IGCC TRBHMAN A .

AR

7E 1960-1970 SE R EH B B I HE R BH 3, LR BE I 190,000MW FRAE
HEK B KL 100,000MW , EFERFRHRETRREHABERRERZR
REBiEE, KBEMERES 1,000MW , BT FEHXEAR &4, B TIE 1968
ELMEBHBEHRE, M 1970-1984 F, BRETELZHRBHY, LFER
BE, EMERNER, BTV HEEEHR¥EHFEERRE BEES,
KEBEGERGHEER. B TFHERRSEMEEMAERR L Eike, &
B REIRTIFE . FRERE S BERK AT E N8 T ER SR
Sk ek B 5 il R

RAIBIEARBTHRATIUEESZE, BAECMNEREIERTRES
#, B EREBERESHRERAFTR—NAEE. CHLRSIH TR &
FRBEMNBRIBRINEZRARBHOSHEAFEROERT. FEHRED
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W& 150-200MW (60 #57ZK) RS BHL, HIFARERIFEIRZITHERE
40%, EFEEA AP 50% . FEFLEBEFNRBESRLERRSHR
SRIBETHRAREIER., ATFRABAKHINMBRIE RIBVERAIKXEH
TR EHEREE,

SABREAEZTUFELERSSE, BXENTWMEE. £L+
MAHER, REBR T AMBNEN, BUFMIILF IR S8R
EA MR ERE - EREE. TREXBRODRNRER HIRLLGEs A
ZEHEHHERAFEOEA L, BEREANBRFCRFEOEIHERRER
RIS/ BRE MRS P, AMTAAERGEEN 7 KM R 18I AR w
EHIERE

ENTEREHY, R»RESATERARESR—1 16cc TR, EXHE
HERTSEEESUBREHARIRRINKRSEIERGEER. JLFEHR
BEH 1GCC EH AR ERATIN, FERMUATARRERE MBI E. B
BHRM RS, RRIMBORE, BARNFITHRINESE IGCC . BEIFHFS
i 5 AR B RIE 16cC SIA KRR,

BERNE

BEFEHTEERERSITHECGERRRI, XBELEEHRERT
A 40% FIBER, BIFEARBRBORIBIEAR, 1GCC MAERER
ABTF 4%, ESRBRILVEARARKEARR 45% . FERKRXBIANEHHRER
10,568 Btu/kWh , WEEBHE AR T 1GcC M B &K AFEFEE K 8,500-
9,000Btu/kWh , FH M, IGCC HEBEEMMLBBERERD KB LEFTGH 1020% ,
E— I EFABEAOBELIFES, N— 1 HEERRSE LEUERR®
BEZHK B RE, EEHRBEMNERORRESHRBEEL.

HEB B B9 P AR

1990 R T = UE B ERE R /1 ek A 68 B REA 50, Fl NO, BIHERL.
WA B B 204 10Mt SO, Ml 2Mt NO, . WA HEB B B BKF 40 A WA Br B




SE—HrBOA 1995 EFFHE, ER 110 1 EISREEHERE. NEZHEIF, X
WHMRRERAK, ENERANERTRE. XFo B AEmEREAT
REMRHEBCIZESR, HERWURET BB (FCD) RE.

FEB BB 2000 EF R, ERARE EEWAEZEKE KRB,
MR BN ERSHE - B E ™, B SERRBRE G %ER 5
BEMNE N FGD B4 HE, BELERE, IRERK K4 H G A4 A Fop,
EREEARSEFHFHMIE. 1IGCC PHEHPBSHR RS LREEIEPEY
HFHNARGEAPASBEREE TR ERHEAEY. #—FHRME
BEENBRR AR RS HERALEHEERREE 9% .

IGCC HEAR By — AN AE it 2 ik v 7 4 M B8 4% 48 48 F 1K AR A B9 RS AR,
Rl XEEEA BB HOBRAER., XREREEEEERRAHEZRFELTE K
&, TRHARBEETVURRT, ANNEFSEEESEEERNESRK,

IGCC L2, 4 5 NO, HWHEBUR MBI, B FERSBI PRI st R
BRRSAE No, FHEBEIET 10 ppm . FHBESIH AR REERE SR
RBREBRR. YENZESEESFHEHNRKKEFERE, IGeC LB AERK
MR NO, . WAEAM KGR, BPT N, R, NTOATETIFN
#%ﬁ*,Mﬁ%ﬁﬁ&ZE&m%ﬁ&*sm{ XA T DR B B A
¥R X TF No, KIHE,

£ 1 BRER LA FE K BB H S0, 1 NO, FHEHE . BIER LIS MWh
REFEENUBEN B HEBER ., X ERLHSE T B BEARENE
FHEHERCR (8% =W, BAECIRIGCCHAAR MBI ELEAN., XERH
) e 3 3% T B0 A J5 B9 Wabash River B33, Indiantown JEALIRMRFEVLA, 1%
S 1) Orlando #RFE LY, Polk EE¥Y (IGCC) B B fif 22 B Demkolec IGCC HBYY, T
REAEHEME, Demkolec # SO, HEMBRIK. A TLEH, IGCCHFHRE
FBUER B E—FE R, BERRGF R, KRB EHHERERER,




#1 HE /Mwh

Wabash River 1 5 HLZH 2508 B 45 SRR 4L 2L 3G
Wabash River 1 B-HL41 BiE J§ IGCC HL¥S
Indiantown FBC H3,¥§

Orlando 2 S HLA A% GE MR 3 3

| Polk 1 S HLA B IGCC B

Demkolec ¥ #E IGCC HL ¥4

AR R TE

mE:2 fin, BRUTZEBEMERTEENRHTEOREE. RT
YR A SEmE JRFaM), RE <R " BATAMAXMEZEIZRE
. BAMKRRBEPBRAE—TRA, KIS A om0 8 i 2 R R
A, ERNELEFHRBANBERLT, I—RERALKEE.

£2 BRRES

[ RS
R
AR
85 ¥k
EY ik
R

ATAD 190 FEFHEESNEBERPESR, BE B m4HRIB K
R, EREBBEHT, KEENBREZEBTHHE. ER, BEEB AR
- R 4 FE VS B B U B Powder River Basin B4, MBI AR R T H B K. B
T BECETFRNE, FHEMEBGER, SHERXCERWR. £=
BrEx O ERE B AW EEY S0, HikrER, XREABMESWMEEREE
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BB RAERERNEE.

WA IGCC MBCEMER, B aUAFRENREN G, LMWK
FRESREORE, XBEUFRERSER GHE BKURE, EWMUEX
BRHNABASEH. BASHAIZRTE-MIROER, B helTFREA
DLAE A R 2 18 s R, X2 B T 25 B 0 AR AR R B ARV BB R
., IGCCHEAIWEFRARLOESR, XTI RRR A,

&l 7=

R DT — MRS MRRRI & WK, PEKE, B
#, MABBBRUER>GREE. BEEREXER> R, FEMNEL
WHBRMEHR. SXER>HEETHN, HNGEERFTIL+07 My EE
B, JTREAXREHRSRLGE., KA ®HREFER. XHEshL
BAEMNERERMIEMT FoD KIA BRI, #HFAEHEGRE &S]
A XK. BT RSEMEERBENERTS, e EnHENE
REBSEKBEE, IGCCAMUFETHENEE, RURRR, &8
BEREFHEENG ., XA RR AR R RERHE.,

ZI 8IS

XEBWMATSBBEET=ZTZFHOLE, BAATATERRITHE
AR, Ed—BERERMRIE REENPOERANEEEL 4. #
T390 SO, Fl NO, #= BB A MM T HIMIT A, R L 30785 18 i R v
K, BASHATERFAIRNIECREFERE. A THBRAF
B hk It A B BBEWIIAER, EHREZ RA— N EERE,

B, ENSEEPNAARIRE B 7/ B B Wabash River 25— LA B 7E 1953 4
BAZBITH ., XMNMRBEIEE R B KLAR 100MwW . B ESEEERIT
X 1GCC EHBE, FHHRE—VAKEH A 262MW , XPHEBERET
BRRBEEE, Rt#eTaF 3B, ZFRRF FENFLBRD,




£/ 16cC BEE WTERMEME RAZHTHREFHHE, E
W, MEKERFS. EERERLESOMA, B EAURE
TREFRBEOHE, ERE AELXBEMEE.

Wl

BEEREACKREEM NBSBEhTmREEZEK. B el
BEFORERSD, BRTHO 4k, FREW, HRREFEBE, FH%
AAMFRIBESER BT AARNBERESERRA TR, WR% 8360w
VFROSFAL, R, (RHEBCE, RRARE, WHERBI & URRREIF
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